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Abstract 
This study sought to compare the perceived comfort rating and the plantar 
pressure distribution of three different kinds of soccer shoes (SI, S2, and S3), where 
SI consisted of 12 circular studs, S2 consisted of six circular studs, and S3 consisted 
of 12 newly designed studs. 
The study consisted of two experiments. In Experiment 1，the perceived 
comfort ratings of 18 male subjects (1.73士0.05m and 60.79士4.23kg) after 
performing forward running (self-paced), backward running (self-paced), zigzag 
running (self-paced), and vertical jump (maximal height) on natural grass were 
collected using a modified questionnaire (13 question items). In Experiment 2, the 
plantar pressure measurements of 15 male subjects (1.73士0.04m and 61.67±3.61kg) 
while running (at 3.3m/s), sideward cutting (maximal speed), 45-degree cutting 
(maximal speed), and jump landing (maximal height) on artificial turf were collected 
using the insole plantar pressure device. After this, the perceived comfort ratings 
were collected using the same questionnaire. 
Intraclass correlations of perceived comfort ratings of the three different kinds 
of soccer shoes ranged from fair to high in both experiments. Although no significant 
differences in perceived comfort ratings among the three different kinds of soccer 
shoes were found in Experiment 2，significant differences {p <.05) were found in 
seven question items in Experiment 1，which were overall comfort, forefoot 
cushioning, arch height, shoe length, stud position, pressure under first metatarsal, 
and shoe weight. For these question items, S3 is always rated the most comfortable, 
followed by S 2 a n d S l . 
Results of the paired t-test indicated that there was no significant difference {p 
< .05) in the plantar pressure between dominant and nondominant feet. Intraclass 
correlations among the three different kinds of shoes were very high (alpha ranged 
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from .973 to .990). 
One-way ANOVA with repeated measure was employed to examine significant 
differences in plantar pressure among the three different kinds of soccer shoes, and it 
could be concluded that during running, S2 had the smallest total peak pressure and 
the smallest peak pressure under the forefoot, arch, and heel, while S1 had the 
smallest peak pressure under the toe. During sideward cutting, S3 had the smallest 
total peak pressure and the smallest peak pressure under the toe, forefoot, and heel, 
while S2 had the smallest peak pressure under the arch. During 45-degree cutting, S2 
had the smallest total peak pressure and the smallest peak pressure under the forefoot, 
SI had the smallest peak pressure under the toe and arch, while S3 had the smallest 
peak pressure under the heel. During jump landing, S2 had the smallest total peak 
pressure and the smallest peak pressure under the arch and the heel, S1 had the 
smallest peak pressure under the toe, while S3 had the smallest peak pressure under 
the forefoot. 
Low correlations were found between perceived comfort rating and plantar 
pressure. However, negative correlations were consistently demonstrated between 
perceived comfort of heel cushioning and peak pressure under the heel, and between 
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Introduction 
Background of the Study 
Soccer is one of the most popular sports throughout the world, with more than 
240 million players in 2000 (FIFA, 2002; Keller, Noyes，& Bimcher, 1987). Soccer is 
an intermittent sport that utilizes walking, jogging, running, and sprinting. 
Previous studies have shown that soccer has a high injury rate and injury 
percentage (Elias, 2001; Hawkins & Fuller, 1998, 1999; Hawkins, Hulse, Wilkinson, 
Hodson, & Gibson，2001; Keller et al.，1987; McHardy & Pollard, 2001; NCAA, 
1994; Rahiiama, Reilly, & Lees，2002; Schmidt-Olsen, Bunemann, Lade, & Brassoe， 
1985b; NCAA, 1993; Yde & Nielsen, 1990). When compared with other sports, 
soccer caused more injuries than field hockey, volleyball (NCAA, 1993)，handball, 
basketball (Yde & Nielsen, 1990), rugby, cricket, badminton, fencing, cycling, judo, 
boxing, sub aqua, and swimming (Weightman & Browne，1975). Most of the soccer 
injuries, though, are nonbody contact injuries which come from running, turning, 
twisting, landing, and jumping (Hawkins & Fuller, 1999; Hawkins et al., 2001; Yde 
& Nielsen, 1990). 
In addition, most soccer injuries occur in the lower extremities, especially the 
ankle (Elias, 2001; Hawkins & Fuller，1999; Nielsen & Yde，1989; Schmidt-Olsen et 
al., 1985b; Sullivan, Gross, Grana, & Garcia-Moral，1980; Yde & Nielsen, 1990). 
Since mobility and speed are required in playing soccer, players predominantly use 
low-cut (below the ankle) shoes. In this case, the joint does not receive external 
support from the shoes. As such, the increase in mobility allowed by these shoes 
comes at the expense of joint stability (McHardy & Pollard, 2001). 
One possible reason of injuries being located in lower extremities may be due to 
the design of soccer shoes, which is not protective enough. Previous studies reported 
that for injuries caused by equipment, about 77% was ascribed to inferior footwear 
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(Ekstrand & Gillquist，1983a). Studies also reported that the most frequently 
occurring movements in soccer present demanding stresses on the shoe (Lees & 
Kewley, 1993; Yamanaka, Nishikawa, Yamanaka, & Hughes, 2002). Among all 
soccer shoes, six circular studs and 12 circular studs are the most popular stud 
designs, and 12 newly designed studs were recently introduced by one manufacturer 
(Diadora). It seems that these three different kinds of shoes according to stud design 
would have different plantar pressure, since it has been reported that soccer shoes 
with more studs and a larger stud tip diameter gave greater surface area contact with 
the turf which would decrease the force mediated through each stud (Torg & 
Quedenfeld, 1974). Therefore, further research is required to investigate the 
differences in plantar pressure among these three different kinds of soccer shoes. 
Although many studies have been devoted for the improvement of the 
protective capacity of soccer shoes (like cushioning and lateral stability), most of 
these studies have concentrated on the testing of materials and on functional capacity 
by means of mechanical testing devices (Aragon-Vargas & Gross，1997; Barry & 
Milbum, 2002; Heidt et al.’ 1996; Torg, Quedenfeld, & Landau, 1974). While most 
of these tests have been valuable in providing information on how various materials 
stand up and function under laboratory conditions, they do not provide user 
information (Nigg, 1990; Nigg & Yeadon，1987). Considering that shoes designed 
for soccer are intended to protect, assist, and provide comfort for the person wearing 
the shoe, more research is required to investigate and inform manufacturers and 
designers of how individuals perceive the performance of the shoes when worn 
under more authentic conditions. Unfortunately, there is a dearth of research 
involving the use of test shoes by athletes (Johnson, Dowson，& Wright, 1976; Smith, 
Dyson, & Hale，2002; Stacoff，Denoth, Kaelin, & Stuessi，1988; Valiant, 1987), and 
such studies are needed in order to provide information that is relevant to athletes. 
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Lees and Nolan (1998)，in their review paper discussing the biomechanics 
aspects of soccer, mentioned the following six functions of soccer shoes: (a) 
comfortable; (b) fits the foot well; (c) allows freedom of movement; (d) provides 
protection against external forces; (e) spreads pressure over the sole, and (f) controls 
rear foot movement. 
Of all the feedback from the subjects, plantar pressure is the most important 
factor for perceived comfort. The importance of plantar pressure for perceived 
comfort in walking on different carpets (Whittle, Orofino, & Miller, 1992), running 
on treadmill (Hennig, Valiant, & Liu，1996)，running over ground (Milani, Hennig, & 
Lafortune, 1997)，and simulated running with a human pendulum device (Lake & 
Lafortune, 1998) has been studied. Chen et al. (1994) reported that the most 
comfortable insole provided an even distribution of plantar pressure in running, and 
the least comfortable insole provided a significantly higher pressure in the forefoot 
area in walking. It is clear that comfort is a significant factor in the design of soccer 
footwear, and further research is required. Therefore, this study investigates the first 
and fifth function mentioned by Lees and Nolan (1998) to further understand how 
human subjects perceive the comfort provided by the shoes and what is the plantar 
pressure distribution when wearing the three different kinds of soccer shoes. Since 
international soccer matches could now be played on natural grass and authorized 
artificial turf, this study contains two experiments that reflect these two conditions. 
Experiment 1 is conducted on natural grass, while Experiment 2 is conducted on 
authorized artificial turf (FieldTurf). The perceived comfort ratings in wearing the 
three different kinds of soccer shoes are collected in both Experiments 1 and 2，while 
the plantar pressure of the three soccer shoes is collected only in Experiment 2. 
Plantar pressure was not measured in Experiment 1 because the uneven surface of 
natural grass is believed to produce inaccurate and unpredictable results. 
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Statement of the Problem 
This study sought to compare the perceived comfort rating and plantar pressure 
distribution among the three different kinds of kinds of soccer shoes. 
Research Questions 
1. What are the differences in perceived comfort rating among the three kinds of 
soccer shoes? 
2. What are the differences in plantar pressure among the three kinds of soccer 
shoes during running, sideward cutting, 45-degree cutting, and jump landing? 
3. What is the relationship between perceived comfort rating and plantar pressure 
distribution? 
Significance of the Study 
Theoretical Contributions 
參 Established the reliability of obtaining perceived comfort rating in 
different kinds of soccer shoes; 
參 Explored the differences in perceived comfort rating among the three 
different kinds of kinds of soccer shoes; 
• Explored the relationship between perceived comfort rating and plantar 
pressure of soccer shoes; 
• Established the reliability of accessing plantar pressure in soccer shoes; 
參 Explored the differences in plantar pressure between dominant and 
nondominant feet; 
參 Explored the differences in plantar pressure among the three different 
kinds of soccer shoes when running, sideward cutting, 45-degree cutting, 
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and jump landing. 
Practical Contributions 
• A reliable method to measure soccer shoe comfort is important for 
manufacturers to produce soccer shoes that players can wear comfortably. 
參 Information on overall comfort rating and plantar pressure of different 
kinds of soccer shoes is important in athletes' selection of appropriate 
footwear. 
• The preference of players for different types of soccer shoes aid 
manufacturers in designing new shoes. 
參 A reliable method to measure plantar pressure of soccer shoes is important 




1. The subjects provided a consistent perceived comfort rating of each soccer 
shoe. 
2. There are differences in perceived comfort rating among the three types of 
soccer shoes. 
3. The plantar pressure recorded for the four movements has high reliability. 
4. There are differences in plantar pressure among the three kinds of soccer shoes, 
since the number and surface area of the studs on each shoe are different. 
5. Perceived comfort rating is related to the plantar pressure of soccer shoes. 
Statistical Hypotheses 
1. There are no significant differences in the perceived comfort rating among the 
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three kinds of soccer shoes. 
2. For each movement (running, sideward cutting, 45-degree cutting, and jump 
landing), there are no significant differences in plantar pressure among the 
three kinds of soccer shoes. 
3. There is a strong relationship between perceived comfort rating and plantar 
pressure distribution. 
Assumptions 
1. The subjects underwent all tests to the best of their ability. 
2. The subjects fully understood all questions in the questionnaire. 
3. The subjects honestly filled out the questionnaire according to their opinion 
(perceived comfort). 
Delimitations 
1. This study recruited male soccer players only. 
2. Only one size (EUR 43) for each soccer shoe was used to eliminate possible 
differences in shoe sizes. 
3. Only three soccer shoes were selected in this study. They were soccer shoes with 
six circular studs, with 12 circular studs, and with 12 newly designed studs (from 
Diadora). The characteristics of other soccer shoes are not included in the scope 
of this study. 
4. The perceived comfort rating for the soccer shoes focused on the plantar surface 
and not on the dorsal surface. 
5. Experiment 1 (which included the perceived comfort test) was conducted on 
natural grass. 
6. Experiment 2 (which included the perceived comfort and plantar pressure tests) 
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was conducted on authorized artificial turf (FieldTurf) which is recommended by 
FIFA and is also the most popular turf used by soccer clubs all over the world 
("Fifa recommended installation", 2003). 
Limitations 
1. Experiment 1 was performed on natural grass; therefore the results can not be 
generalized to other surfaces. 
2. Experiment 2 was performed on artificial turf (FieldTurf); therefore the results 
can not be generalized to other surfaces. 
Operational Definitions 
Perceived Comfort 
This refers to subjects' perceived level of ease when wearing a particular kind 
of soccer shoes. The rating is represented in the questionnaire in terms of millimeter 
(mm). The highest rating (the most comfortable) is 150 mm, and the lowest rating 
(the least comfortable) is 0 mm. 
Plantar Pressure 
This refers to the pressure (in terms ofkPa) measured in the plantar surface of 
the foot using the insole plantar pressure device Pedar Mobile system (Novel GmbH, 
Munich). 
Soccer Shoe 
This sport shoe is designed for playing soccer and has studs attached (or 
moulded) on the outsole. The soccer shoes in this study referred to the following 
designs: soccer shoes with six circular studs, soccer shoes with 12 circular studs, and 
8 
soccer shoes with 12 newly designed studs (from Diadora). 
Review of Literature 
Introduction of Literature Review 
This chapter provides information about published researches. A brief 
introduction on soccer as a sport and its common movements are discussed first. 
Since the design of soccer shoes is associated with soccer injury, the details of soccer 
injury like its definition, injury rate, injury percentage, mechanism, anatomical 
region, type, and severity are also included. Information on injury provides ideas for 
improving the design of soccer shoes. Because soccer shoes have inherent interaction 
with the playing surface, studies that discuss this aspect of research will be presented 
as well. In addition, studies that focus on the playing surface will also be reviewed. 
Furthermore, because many features of soccer shoes are designed for specific 
purposes such as the sole and studs, these will be reviewed in terms of the frictional 
forces that they are designed to control. 
The current study investigated the perceived comfort and plantar pressure of 
soccer shoes. Therefore, the methodologies and equipment used in these two 
measurements were also reviewed. 
9 
Literature Review on Soccer 
Introduction 
Soccer is one of the most popular sports throughout the world, with more than 
240 million players in 2000 (FIFA, 2002; Keller et al., 1987). It has been reported 
that soccer injuries result in decreased physical activity and increased work time lost, 
in addition to substantial medical costs (Pritchett, 1981; Yde & Nielsen, 1990). As 
for injuries caused by equipment, about 77% was ascribed to inferior footwear 
(Ekstrand & Gillquist, 1983a). The following sections review movements in soccer, 
soccer injury, design of soccer shoes, and playing surface of soccer. 
Movements in Soccer 
Soccer is an intermittent sport that utilizes walking, jogging, running, and 
sprinting. It involves two teams of 11 players each who attempt to propel the ball 
through a set of goals, while keeping the other team from doing the same. The game 
consists of two 45 minute halves, with a 15-minute rest between halves. Lees and 
Kewley (1993) analyzed 37 professional players and 40 skilled amateurs and found 
out that soft pass, jump, turn, moderate pass, and trap had higher number of 
occurrences, which also present demanding stresses on the soccer shoes. Yamanaka 
et al. (2002) analyzed the frequency of movements in three world cup matches 
including the countries Argentina, Croatia, Jamaica, and Japan. They found out those 
movements' occurrence in descending order were passing, dribbling, clearing kick, 
and heading. 
Soccer Injury 
The literature included child, adolescent, adult, senior, and professional players. 
The researches were conducted in the USA, UK, and Europe, and some articles also 
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studied international competitions. 
Definition of injury. 
Among the 31 articles selected, three were not included in this section, because 
they did not provide sufficient information about a reportable injury. In the 28 
selected studies, different definitions of injury were used. One study defined injury 
as any condition that causes a player to be removed from a game, miss a game, or to 
be disabled enough to come to the medical tent (Kibler, 1993). Another defined 
injury as an incident during training or competition which prevents the injured player 
from participating in normal training or competition for more than 48 hours but not 
including the day of the injury (Hawkins et al , 2001). Seven studies counted injuries 
occurring in the competition only, while 18 counted both competition and training 
injuries. Fourteen articles further classified injuries into subcategories but with 
different classifications. Besides different definitions of injury, different methods 
were also used to collect the data. Twelve studies used a questionnaire or form to 
record injury data, three used video records, 15 required a doctor or physiotherapist 
to examine the injury, and three required the authors to check and confirm that the 
incident should be classified as injury. 
Injury rate. 
To avoid confusion in comparing the results among different studies, the 
definitions of injury rate and injury percentage are separated throughout this paper. 
Injury rate is defined as the number of injuries per 1,000 hours of player activity time 
or the number of injuries per 1,000 athlete exposures. Athlete exposure refers to one 
athlete participating in a competition or training where he is exposed to the 
possibility of being injured, no matter what amount of time is involved. For example, 
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two competitions involving 40 participants and three trainings involving 50 
participants would result in a total of 230 athlete exposures. 
Among the 31 selected articles, 15 were not included in this section, because 
they did not provide sufficient information on injury rate. Therefore, 16 articles were 
discussed in this section. Only three of them reported an injury rate based on 1,000 
athlete exposures, while 13 reported an injury rate based on 1,000 hours of activity. 
Ten articles provided an overall injury rate as well as a specific injury rate during 
competition and training, one provided an injury rate during competition and training, 
and five provided an overall injury rate only. 
Injury percentage. 
Injury percentage is defined as the number of injured players divided by the 
total number of players. Four studies provided an injury percentage. Professional 
players have a higher injury percentage than adolescent players because of possibly 
the same reasons as those mentioned in the last section. However, injury percentage 
is less useful than injury rate, since the number of competitions and trainings varies 
considerably from one team to another or from one year to another. In addition, not 
every player participates in every training and competition, and the number of 
participants in a team may change considerably as the season progresses (McKeag & 
Hough, 1993). Therefore, misleading conclusions could be drawn from injury 
percentage. 
Mechanism of injury. 
Five articles provided information about the mechanisms of injury. The most 
frequent injury mechanisms were tackling, running, being tackled, shooting, twisting 
and turning, jumping, and landing. Tackling is usually seen in soccer matches when 
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players try to get the possession of the ball. During and after a tackle, lower 
extremities are easily hurt as players cannot respond to such fast and unpredicted 
movement. During running, and twisting and turning, the main causes of injury are 
inferior playing surfaces and improper footwear. When the external loading is greater 
than what ligaments and muscles can tolerate, it leads to injury. Moreover, the 
defenders will try any means to prevent the opponents from scoring; therefore, 
severe injuries usually occur during shooting. In addition, every player performs 
jumps and landings during activities like heading, shooting, and goal keeping in a 
match. The possible causes of jumping and landing injury may be the use of an 
improper landing technique or collision between or among players after take off and 
before landing. 
Previous studies also show that nonbody contact is a primary mechanism of 
injury. Hawkins and Fuller (1999) reported that injuries caused by nonbody contact 
(59%) occurred more frequently than injuries caused by body contact (41%). In 
addition, running, shooting, turning, and jumping caused 39% of all injuries, which 
were all classified as injuries resulting from nonbody contact. Yde and Nielsen (1990) 
observed players under 18 years old and reported that 27% of all injuries was due to 
running which is classified as a nonbody contact injury. Hawkins et al. (2001) 
observed four professional soccer clubs for two seasons and found out that the 
percentage of nonbody contact injuries (58%) was higher than that of body contact 
injuries (38%). Running (19%), twisting and turning (8%), shooting (4%), and 
landing (4%) were the most frequently occurring injury mechanisms, and they were 
classified as noncontact injuries. 
Anatomical region of injury. 
Lower extremities were divided into the following regions: hip, groin, upper leg, 
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knee, lower leg, ankle, and foot. From the 19 selected articles, the knee, ankle, thigh, 
groin, and hip were the most injured anatomical regions. Ten studies provided 
information on adolescent players only. From these, seven studies reported the ankle, 
two reported the knee, two reported the upper leg, and two reported the foot as the 
most frequently injured body part. A possible reason for the ankle being the most 
frequently injured part is its proximity to the ball which is the focus of activity in the 
sport. Therefore, there may be a higher chance of injuring the ankle when dribbling, 
shooting, and tackling. Four articles provided information on professional players 
only, and two reported the upper leg as the most injured body part. The reason for the 
upper leg being the most frequently injured part for this group may be the large 
muscle mass and the large area exposed. Among child and senior players, no 
conclusion can be drawn, as there are limited publications. 
There seems to be a difference in the most frequently injured body part between 
male and female players, with males having more ankle injuries and females having 
more knee injuries. NCAA (1993) results showed that the three most commonly 
injured body parts for male players were the ankle (20%), the upper leg (17%), and 
the knee (15%), while for female players, they were the knee (24%), the ankle (21%), 
and the upper leg (16%). Lindenfeld and Schmitt (1994) found out that the most 
frequently injured body part of male and female indoor soccer players were the ankle 
(23%) and the knee (23%), respectively. McHardy and Pollard (2001) suggested that 
the knee is very susceptible to injury because of the strong force produced when 
kicking the ball. It also is the center of the lever arm of the leg, so it is susceptible to 
stronger forces being transmitted from the trunk through the hip and from the ground 
through the foot and the ankle. 
Types of injury. 
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Injury types were divided into sprain, strain, contusion, tendinitis (and bursitis), 
and fracture. Other types of injury were excluded. From the 17 selected articles, 
sprain, strain, contusion, and tendinitis (and bursitis) were the most common types of 
injury sustained on the soccer field. From these studies, seven reported sprain, six 
reported contusion, and five reported strain as the most frequent injury type. 
Severity of injury. 
The severity of injury was classified according to the number of days a player is 
absent due to the injury. However, others may use different classification systems. 
For example, Schmidt-Olsen, Bunemann，and Lade and Brassoe (1985a) classify 
severity based on different treatments used like minor first aid was classified as 
minor, medical care as moderate, and hospital treatment as major. 
For studies which used a player's number of days absent to classify severity, six 
classified injury into minor, moderate, and major. Two of them (Ekstrand & Gillquist， 
1983b; Morgan & Oberlander，2001) classified minor as absence for less than one 
week (0-6 days), moderate as absence for more than one week but less than one 
month (8-29 days), and major as absence for more than one month (>30 days). This 
system obviously has gaps in the classifications, because confusion may arise when a 
player is absent for one month and a week, for example. Moreover, one study 
(Hawkins & Fuller，1999) did not include injury within the same day (0 day), and 
another (Hawkins et al., 2001) did not include injury for less than two days (0-1 day). 
Two studies (Giza, Fuller, Junge, & Dvorak, 2003; Hawkins et al., 2001) had 
overlapping periods in the classification. Three articles further divided the minor 
group into slight (1 to 3 days absent) and minor (4 to 7 days absent). One even has 
the "trivial" group for injury without absence. The last four articles (Engstrom, 
Johansson, & Tomkvist，1991; Kakavelakis, Vlazakis, Vlahakis, & Charissis，2003; 
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Luthje et al, 1996; Soderman, Adolphson, Lorentzon, & Alfredson, 2001) classified 
minor as absence for less than one week (0-6 days), moderate for one week to one 
month (7-30 days), and major for more than one month (>30 days). This system 
provides excellent classification in injury severity. 
Most soccer injuries tended to be minor, with six studies showing that most 
players had minor (including trivial and slight) injury, and three studies showing that 
most players had moderate injuries. No differences can be observed among 
adolescent, professional, and senior players as to injury severity. 
Design of Soccer Shoe 
Shoe sole. 
Researchers showed that the stiffness of shoe sole affects the functional 
properties of the shoe, which in turn affects the loading on the human body. Stacoff 
et al. (1988) reported that rear foot movement at touchdown depends not only on the 
impact of force but also on the leverage due to the shoe sole design. The results 
showed that a soft shoe sole (Shore A20) had shorter lever length (4.7 mm), while a 
hard shoe sole (Shore A50) had longer lever length (10.7 mm). Johnson et al. (1976) 
studied two types of soccer shoes and reported that the greater the stiffness of the 
shoe sole, the higher is the load carried by the ligaments. Aert and De Clercq (1993) 
used a pendulum impact device to investigate the mechanics of the heel pad fitted in 
the shoe. They found out that a harder shoe sole had a smaller compression and 
shorter time to reach the peak of force, and it created greater force too. 
Studs. 
Previous studies found out that the number, length, and diameter of stud affect 
the loading of ligaments which determines the possibility of injury. In general, a 
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fewer number of studs, a smaller stud tip, and a longer stud length lead to ankle and 
knee injury. Torg and Quedenfeld (1974) proposed that soccer shoes with fewer 
numbers of studs, a smaller stud tip, and a longer stud are contributory to numerous 
knee injuries. Meanwhile, soccer shoes with more studs and a larger stud tip 
diameter increase the surface area contact with the turf and thus decrease the force 
mediated through each stud. 
Torg et al. (1974) investigated two high school football leagues for two years 
and reported that the incidence and severity of knee injuries, as well as the number of 
knee injuries requiring surgery in both leagues, decreased upon wearing soccer shoes 
with more and shorter studs. Moreover, they concluded that a conventional shoe with 
seven cleats is a major factor responsible for knee injuries occurring in all levels of 
organized football. 
Ekstrand and Gillquist (1983a) investigated a senior male soccer division with 
12 teams for one year and found out that the use of screw-in studs, with their longer 
studs, has been suggested as a cause of increased risk of knee strains in which the 
weight-bearing knee is twisted due to the extra traction that the larger studs supply. 
Ekstrand and Nigg (1989) reviewed soccer injuries and playing surfaces and 
speculated that the height of the studs increases the distance between the subtalar 
joint and the surface and consequently, a greater moment with respect to this joint 
too. 
McHardy and Pollard (2001) pointed out that due to the design of soccer shoes 
with studs for traction, the force that normally affects the ankle is transferred to the 
knee. Nigg and Segesser (1988) also reported that an increased number of studs 
would reduce ankle and knee injuries. 
Therefore, it seems that soccer shoes with fewer numbers of studs and with a 
smaller studs area would increase plantar pressure. Further research is required to 
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understand the relationship between stud design and plantar pressure. 
Frictional force. 
Insufficient frictional force will lead to slipping, while too much frictional force 
will produce a large torque when twisting and turning. Both cases will increase the 
possibility of injury. The optimal translational friction coefficient is suggested 
between 0.5 and 0.7，while the rotational friction coefficient is 0.4 (Torg et al.，1974). 
Torg et al. (1974) reported that the rotational friction of shoe surface interface 
should be lower than 0.4，and the friction varies with the number, length, and 
diameter of the cleats as well as with the nature (natural or artificial) and condition 
(wet or dry) of the surface. 
Valiant (1987) investigated two lateral movements. One was 90-degree cutting, 
another one was 180-degree pivoting, and he found out that for the two movements, 
greater shear force appeared in the anterior and lateral directions, both in the baking 
phase. 
Nigg and Segesser (1988) reviewed 32 literature and reported that the 
difference in the frictional properties of the surfaces may have been the main reason 
for the differences in the pain and injury frequency. They also suggested that injuries 
may be caused by low frictional resistance and the occurrence of slipping. The 
optimal ranges for translational friction coefficients were always between 0.5 and 
0.7. 
Ekstrand and Nigg (1989) reviewed the frictional forces and reported that 
friction (translational and rotational) is an important factor influencing soccer 
injuries. Translational friction is necessary for athletes to run quickly, to start and 
stop, and to make rapid changes in motion. The requirements of high translational 
and low rotational friction of shoe-surface interaction are often mutually conflicting; 
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high friction may produce excessive forces on knee and ankles, while too little 
friction may be the reason for slipping. 
Smith et al. (2002) studied three soccer movements (shot, Cruyff turn, and 
drag-back turn) on natural turf and compared the results of studded soccer shoes with 
moulded-sole shoes. The average coefficients of friction of studded soccer shoes and 
moulded-sole shoes were similar. They further suggested that moulded shoes, with 
their configuration, should reduce the risk and severity of impact-related injury and 
thus appearing more advantageous over the studded shoe. 
Playing Surface of Soccer 
There is no strong evidence in previous studies indicating the differences 
between artificial turf and natural grass, but it seems that harder surfaces are 
connected with more injuries. No significant difference was reported between 
artificial turf and natural grass in terms of translational friction force, rotational 
friction force, and severe injuries. However, more minor injuries were reported on 
artificial turf. 
Nigg and Segesser (1988) reviewed 32 literature concerning the injury 
frequency on artificial turf and natural grass and reported that 41% of literature 
found more injuries on artificial turf, and 45% of literature found about the same 
number of injuries as natural grass, but only a small number of literature (14%) 
found less injuries on artificial turf. They also concluded that there was a definite 
increase in less serious injuries on artificial turf but no difference among severe 
injuries of all types on artificial turf as compared with natural grass. 
Ekstrand and Nigg (1989) reviewed the factors involved in su r face - re la ted 
injuries and mentioned that the stiffness of a sport surface (defined as the ratio of 
applied force to deflection) influences the frequency of sports injuries. They assumed 
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that hard surfaces are connected with more injuries as compared with soft and 
well-cushioned surfaces. Impact forces which are related to the stiffiiess of a surface, 
if too strong and if repeated, can cause overload injuries to the bones, cartilages, 
ligaments, and tendons. 
Heidt et al. (1996) evaluated the shoe-surface interaction of 15 football shoes on 
artificial turf and natural grass. They found out that there is no significant difference 
between an artificial turf and natural grass in terms of translational friction force and 
rotational torque. 
Barry and Milbum (2002) tested the translational and rotational traction of 
football shoes on three different surfaces, one was sand and other two were turf. 
They suggested that the variability in traction forces might be due to several factors 
like the influence of plastic mesh elements introduced into the root zone in order to 
secure the turf on the force platform, and the variation in density of the turf and their 
roots in the root zone. 
Summary 
This literature review stated that passing, jumping, turning, trapping, dribbling, 
clearing kick, and heading were the most frequent movements in soccer. Moreover, 
the most frequent injury mechanisms were tackling, running, being tackled, shooting, 
twisting and turning, jumping, and landing, while the knee, the ankle, the thigh, the 
groin, and the hip were the most injured anatomical regions. Sprain, strain, contusion, 
and tendinitis (and bursitis) were the most common types of injury sustained on the 
soccer field, and most soccer injuries tended to be minor (in terms of number of days 
absent due to injury). A stifFer shoe sole, fewer number of studs, longer studs, and a 
smaller surface area of studs all contribute to increased loads carried by the 
ligaments and force mediated through each stud. It seems that fewer and smaller 
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studs are associated with higher plantar pressure. Further research is required to 
understand their relationship. Moreover, both insufficient and too much frictional 
force between shoe-surface interfaces increase the possibility of injury. Finally, no 
conclusion can be drawn on injury frequency between artificial turf and natural 
grass. 
Literature Review on Perceived Comfort 
Introduction 
Over the years, material and human tests were used to evaluate the cushioning 
and plantar pressure of sports shoes. However, it has been suggested that a material 
test cannot simulate the situation when sports shoes are worn (Light, McLellan, & 
Klenerman, 1980). For example, a different muscle activity in the leg is in response 
to different ground reaction forces (Wakeling, Von Tschamer, Nigg, & Stergiou， 
2001) and different shoes (Wakeling, Pascual, & Nigg, 2002). Besides muscle 
activity, kinematics (Dixon, Collop, & Batt, 2000; Hardin, Van Den Bogert, & 
Hamill, 2004) and kinetics (Chen, Nigg, Hulliger, & de Koning, 1995; Hennig et al.， 
1996) data would also be affected by the subject's perception of different impacts. 
Therefore, a human test is a better assessment method to evaluate sports shoes. 
Among all the feedback derived from the reporting of subjects, plantar pressure is 
important for the perceived comfort and neuromuscular adaptional processes. The 
importance of pressure for the perceived comfort during walking on different carpets 
has been shown by Whittle, Orofino, and Miller (1992). The magnitude of pressure 
on the plantar surface of the foot was found to play an important role in the feeling 
of comfort in walking shoes (Chen et al., 1994). 
The following parts review the literature of perception, its relation with plantar 
pressure, and the methods of evaluating perceived comfort. 
21 
Perceived Comfort 
Perception is a dynamic process that depends not only on the current stimulus 
but on recent and expected stimuli as well (Bolanowski & Gescheider，1991). 
Moreover, what is "comfortable" to a group of people may be "uncomfortable" to 
others based on their personal preferences and what they have become accustomed to 
(Miller, Nigg, Liu, Stefanyshyn, & Nurse，2000). 
Whittle et al. (1992) related the perceived comfort of walking on carpets to the 
cushioning properties of the carpets as determined from mechanical impact testing. 
These authors found out that comfort was best related to the response of a carpet to 
transient forces and argued that pressure distribution across the sole of the foot might 
be important for the perceived comfort during walking. 
Jordan and Bartlett (1994) examined plantar and dorsal in-shoe pressures during 
walking in three pairs of shoe. Using a five-point perception of comfort scale, the 
authors concluded that the measurement of foot pressures should be useful for 
identifying the causes of discomfort in footwear. 
Plantar pressure feedback is important for perceived comfort during walking 
and running (Chen et al., 1994; Chen et al., 1995). Chen et al. (1994) investigated the 
shoes in the running test and reported that the most comfortable insole provided an 
even distribution of the pressure at the plantar surface of the foot. In the walking test, 
they found out that the least comfortable insole provided a significantly higher 
pressure and force in the forefoot area and a significantly lower pressure and force in 
the areas of the midfoot and the heel. The contact area in the midfoot was smaller for 
the least comfortable than for the most comfortable insole. Moreover, Chen et al. 
(1995) found out that peak pressure and pressure-time-integral were more sensitive 
to the change of comfort conditions than to maximal force and force time integral. 
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The authors also suggested that changes in sensory input may, therefore, be used to 
improve the comfort level if a relationship between sensory input and plantar 
pressure distribution can be found. 
Henning et al. (1996) used a 15-point rating scale to investigate perception of 
cushioning during running on treadmill. They reported that perception scores 
identified the three shoes as very hard, medium soft, and soft. Peak pressure in the 
heel was one of the factors that reduced the value of perception (means less 
cushioning). 
Milani, Hennig, and Lafortime (1997) studied eight shoes for running using a 
15-point categorical scale and reported that peak pressure in the heel was related to 
the perception. The correlation between perception and peak pressure in the heel area, 
the midfoot, and the forefoot were 0.93，0.66, and 0.07，respectively. 
Lake and Lafortune (1998) used a human pendulum apparatus to examine the 
relationship between impact variables and perception. They reported high correlation 
coefficients of perception with an average heel plantar pressure (r = 0.924) and with 
a peak heel plantar pressure (r = 0.956). 
Plantar pressure is not only important for perceived comfort but also for 
adaptation to environment. Robbins，Hanna, and Jones (1988) first emphasized the 
importance of plantar pressure detection for neuromuscular adaptations to avoid 
chronic overloads. Robbins and Gouw (1991) then reported that a lack of plantar 
skin sensation in well-cushioned shoes for running provokes injuries. 
Although perceived comfort is suggested as one of the most important function 
in soccer shoes (Lees & Nolan, 1998)，there are no published literature providing 
information in this area and its relation with plantar pressure. Therefore, further 
research is needed to understand perceived comfort rating and its relation with 
plantar pressure in soccer shoes. 
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Assessment of Perceived Comfort 
Over the years, different questionnaires using interval data like a 21-point scale 
(Borg, 1962), a 15-point scale (Borg，1970，1973; Milani et al., 1997)，a 10-point 
scale (Borg, 1982; Lake & Lafortune, 1998; Miller et a l , 2000; Noble, 1982)，and a 
nine-point scale (Robertson, Gillespie, Hiatt, & Rose, 1979; Robertson, Gillespie, 
McCarthy, & Rose，1979) were used to measure pain and discomfort in subjects. The 
data allow the determination of relative differences among conditions. However, 
these scales were all interval data. Due to the discrete spacing of these ratings, very 
small differences among conditions were difficult to detect. 
Besides interval scale, questionnaires using an ordinal (or ranking) scale were 
used to assess perceived comfort (Chen et a l , 1994; Hennig et al., 1996; Milani, 
Schnabel, & Hennig, 1995; Miller et a l , 2000). In ordinal scales, objects are 
arranged from "least" to "most" with respect to perceived comfort. However, there is 
no indication of the degree to which, in an absolute sense, any of the objects 
possesses the attribute, and no information can be obtained as to how different the 
conditions are with respect to comfort (Mundermann, Nigg, Stefanyshyn, & Humble, 
2002). 
Procedures which yield ratio scales rather than interval scales and ordinal scales 
are preferable since ratio scales would allow meaningful statements about the 
magnitude of pain sensation (Stevens, 1975). Ratio scales are crucial in comparing 
the levels of pain across different groups of patients or subjects and in comparing 
different levels of pain within the same individual (Price, McGrath, Rafii, & 
Buckingham, 1983). 
The visual analogue scale, a form of cross-modality matching (CMM) in which 
line length is the response continuum, has been reported as a valid and reliable 
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measure for the intensity of pain and reliable enough to measure either 
experimentally induced pain or chronic clinical pain (Joyce, Zutshi, Hmbes, & 
Mason, 1975; Levine，Gordon, & Field，1982; Ohnhaus & Adlev，1975; Price et al., 
1983; Revill, Robinson, Rosen, & Hogg，1976; Scott & Huskisson，1976; Woodforde 
& Merskey，1971). The visual analogue scale is relatively simple so that the majority 
of patients, as well as experimental subjects, can easily respond to these scales (Price 
et al., 1983). The visual analogue scale consisted of a line whose endpoints were 
designated as "no sensation" and "the most intense sensation imaginable" or as "not 
bad at all" and "the most intense bad feeling possible for me" for the sensation and 
effect scales, respectively (Price et al., 1983). The verbal anchor points on the visual 
analogue scale can be modified to delineate the different dimensions of pain, so that 
although subjects use the same type of scale, they could respond differentially to 
multiple dimensions of the pain (Price et al., 1983). 
Later on, the visual analogue scale with 150 mm is designed to provide ratio 
data to assess the perceived comfort of footwear (Mundermann et al., 2002; 
Mundermann, Stefanyshyn, & Nigg, 2001) and shoe insert (Mundermann et al., 
2001). Visual analogue scale responses are very easy to obtain from patients and 
volunteers, and the use of the scale itself requires little instruction. However, not all 
pain visual analogue scales are bias-free (Scott & Huskisson，1976). Visual analogue 
scales which are 100-150 mm in length have been shown to have the greatest 
sensitivity and are the least vulnerable to distortions or biases in ratings 
(Mundermann et al., 2002). Price et al (1983) found out an intertest correlation 
coefficient of 0.970 for a 150-mm visual analogue scale and specific instructions. 
Mundermann et al. (2002) investigated the comfort provided by three inserts, 
together with one control insert. They reported high (0.799) intraclass correlation 
coefficients (ICCs) in comfort ratings for repeated conditions. 
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Summary 
Plantar pressure feedback is important for perceived comfort during walking 
and running. A high correlation between plantar pressure and perceived comfort has 
previously been reported in other sports shoes (like shoes for running). However, 
there are no published literature that provides information on perceived comfort and 
its relation with plantar pressure in soccer shoes. Therefore, further research is 
needed to provide information in these areas. Moreover, there are different methods 
to assess perceived comfort. Among them, the visual analogue scale is the best, since 
it provides ratio data which is more meaningful statistically. The visual analogue 
scale is reported as a valid and reliable tool to measure either experimentally induced 
pain or chronic clinical pain. The visual analogue scale with 150 mm is recently 
designed to assess perceived comfort of footwear. 
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Literature Review on Plantar Pressure 
Introduction 
Plantar pressure is one of the most important factors in perceiving the comfort 
level provided by shoes. The following sections review the relationship between 
plantar pressure and perceived comfort, the method of measuring plantar pressure, 
development of plantar pressure measuring devices, studies which employed these 
devices, and other equipment that will be used in this study. 
Plantar Pressure 
Plantar pressure refers to the pressure measured on the plantar surface of the 
foot. Previous studies showed that plantar pressure is one of the most important 
factors in the evaluation of the comfort level of shoes. A very high correlation (r = 
0.93) between perceived rating and peak plantar pressure was reported by Milani et 
al. (1997) where shoes for running with different midsole hardness were investigated. 
An even higher correlation (r = 0.97) between perceived rating and peak plantar 
pressure was reported by Hennig et al. (1996) when different shoes for running were 
investigated. 
When measuring plantar pressure, pressure sensors were put in the shoes which 
are located between the foot and the shoe. Previous studies showed that subjects 
indicated no discomfort or change in running style during the experiment due to the 
presence of pressure sensors under their feet (Hennig & Milani, 1995). Moreover, 
Chen et al. (1994) reported that with the presence of the insole pressure device, the 
rank distribution of test insoles changed for walking movement but did not change 
for running movement. They further suggested that running could be insensitive to 
the influence of the measuring insole. 
There were many studies investigating shoes for running which used plantar 
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pressure sensors to examine plantar pressure (Chen et al., 1994; Hennig & Milani, 
1995; Hennig et al., 1996; Milani et al., 1997; Milani et al., 1995). However, 
research studies in plantar pressure of soccer shoes are limited (Asai, Igarashi, & 
Murakami, 2002; Elis et al, 2004). Asai et al. (2002) studied the pressure 
distribution of soccer shoes during sprinting, running backwards, side stepping, 
diving, turning, and jumping. They used the insole pressure distribution 
measurement system which divided the foot area into 12 areas. They found out that 
the maximum vertical peak pressure was different among movements like sprinting 
(first metatarsal head), running backwards (heel), side stepping (forefoot, rear foot, 
and first metatarsal head), and turning (first metatarsal head). 
Eils et al. (2004) studied the pressure distribution of soccer shoes during a 
normal run, cutting maneuver, sprint, and goal shot. They used the Pedar Mobile 
system which contains a pair of flexible insoles to measure plantar pressure. During 
a normal run, cutting maneuver, sprint, and goal shot, the peak pressure occurred 
under the medial forefoot, medial heel, medial forefoot, and lateral heel, respectively. 
There are limited published literature about plantar pressure of soccer shoes, 
and there are no published literature that provide information about the relationship 
between plantar pressure and perceived comfort in soccer shoes. Therefore, further 
research is required to understand plantar pressure and its relationship with perceived 
comfort in soccer shoes. 
Assessment of Plantar Pressure 
Equipment. 
Researchers used different equipment to measure and evaluate the cushioning 
properties of sports shoes. A force platform was commonly used to measure the force 
between the shoe and the playing surface (Bobbert, Yeadon, & Nigg，1992; 
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Cavanagh & Lafortune, 1980; Hamill, Bates, & Knutzen，1984; Munro, Miller, & 
Fuglevand, 1987; Nilsson & Thorstensson，1989). 
However, a force platform was unable to measure pressure distribution beneath 
the foot. Hennig, Cavanagh, Albert, and Macmillan (1982) developed a device to 
measure plantar pressure distribution. The device consists of a flexible array of 499 
4.78 mm square, 1.2 mm thick, lead zirconate titanate transducers embedded in a 
3-4-mm thick layer of highly resilient silicone rubber that is impervious to moisture 
and is electrically insulating. 
Later, Gross and Bunch (1987，1989) placed eight sensors on the plantar surface 
of the foot to investigate pressure distribution during running (Figure 1). However, 
the summed output from the eight sensors underestimated the impact associated with 
heel contact and produced a maximum stress measurement later during foot contact 
when compared with the force plate output (Figure 2). They also found out that it 
was difficult in repeatedly applying the sensors at given locations on the plantar 
surface. 
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Figure 1. Eight plantar pressure locations used by Gross and Bunch (1989). 
29 




2 0. Z \ ... 
，，. .500- \ . 
1���- • / \ 
10 ao 3D 40 so 64 70 80 90 100 
Time iX Foot Contact) 
Figure 2. Summed sensors output underestimated the vertical impact force, results 
from Gross and Bunch (1989). 
In 1995，a good resemblance in running was observed by Hennig and Milani 
(1995) between the ground reaction and the summed pressure curved (Figure 3 and 
4). They suggested that the locations used by Gross and Bunch (1989) 
underestimated the vertical peak force, because the relatively large heel area was 
only represented by a single sensor. The good reproduction of the vertical ground 
reaction force by the eight in-shoe sensors suggested that the locations under the foot 
were well-suited to estimate the interaction of the foot with the ground. The summed 
pressure signal slightly underestimated the first peak of the vertical ground reaction 
force and showed increased values in the later part of stance. A similar device was 
also used in other studies to evaluate plantar pressure distribution (Windle, Gregory, 
&Dixon，1999). 
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Figure 3. Eight plantar pressure locations used by Hennig and Milani (1995). 
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Figure 4. Summed pressure in comparison to the vertical ground reaction force 
signal, results from Hennig and Milani (1995). 
After years of investigation, researchers identified locations where the greatest 
pressure occurred. They were the calcaneus, fifth metatarsal base, medial midfoot, 
fifth metatarsal head, third metatarsal head, second metatarsal head, first metatarsal 
head, and hallux. Discrete plantar pressure sensors (piezoceramic transducers) were 
used to measure insole plantar pressure (Gross & Bunch，1989; Hennig & Milani, 
1995). Plantar pressure sensors are multichannel devices that allow many (usually 
with eight) discrete sensors to collect data at the same time. The sensors had good 
dynamic response and high precision，with linearity and hysteresis below 1 % 
(Hennig et a l , 1982). The sensors were 4 by 4 mm with a thickness of less than 2 
mm, and they were positioned with adhesive tape at specific anatomical locations 
underneath the foot (Hennig & Milani，1995). 
Recently, Eils et al. (2004) used a flexible pressure insole (Pedar Mobile System) 
to collect plantar pressure distribution during soccer-specific movements. The 
system consisted of two flexible insoles (each containing 99 sensors in a matrix 
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design) and a portable datalogger for data storage. The use of this insole gained more 
information beneath the foot. Moreover, this device avoids the low repeatability in 
palpating the locations beneath the foot as reported when using discrete pressure 
sensors. The Pedar Mobile System is reported to have good to excellent 
reproducibility during walking (Kemozek, LaMott, & Dancisak，1996) and running 
(Kemozek & Zimmer, 2000). 
Summary 
Previous studies showed that plantar pressure is highly correlated with 
perceived comfort. While many studies investigated the plantar pressure of shoes for 
running, studies in soccer shoes are limited. Furthermore, there are no published 
literature that provide information on the relation between plantar pressure and 
perceived comfort in soccer shoes. Further studies are needed to understand their 
relationship. Most studies in the past also used a force platform to measure the force 
and centre of pressure of sports shoes. However, little information can be obtained 
concerning the plantar surface of the foot. Later, discrete pressure sensor which is 
attached on the desired location beneath the foot was designed to measure plantar 
pressure. These discrete sensors can only measure pressure in the area attached and 
not the whole plantar surface, so many useful data are usually missed. Recently, a 
flexible pressure insole was used to measure the plantar pressure of the foot. 
When measuring maximum jump height, countermovement jump has high 
repeatability than running-up jump. Countermovement jump is also reported as 
highly correlated with the height jumped to head a suspended ball. 
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Summary of Literature Review 
The review of soccer stated that passing, jumping, turning, trapping, dribbling, 
clearing kick, and heading were the most frequent movements in soccer. Moreover, 
the most frequent injury mechanisms were tackling, running, being tackled, shooting, 
twisting and turning, jumping, and landing, while the knee, the ankle, the thigh, the 
groin, and the hip were the most injured anatomical regions. Sprain, strain, contusion, 
and tendinitis (and bursitis) were the most common types of injury sustained on the 
soccer field, and most soccer injuries tend to be minor. A stiffer shoe sole, fewer 
number of studs, longer studs, and a smaller surface area of studs all contribute to 
increased loads carried by the ligaments and the force mediated through each stud. It 
seems that a fewer number of studs and a smaller studs area are associated with 
higher plantar pressure. Further research is required to understand their relationship. 
Moreover, both insufficient and too much frictional force between shoe-surface 
interfaces will increase the possibility of injury. Finally, no conclusion can be drawn 
on injury frequency between artificial turf and natural grass. 
The review on perceived comfort stated that plantar pressure feedback is 
important for perceived comfort during walking and running. A high correlation 
between plantar pressure and perceived comfort has previously been reported in 
other sports shoes (like shoes for running). However, there are no published 
literature that provides information about perceived comfort and its relation with 
plantar pressure in soccer shoes. Therefore, further research is needed to provide 
information in these areas. Moreover, there are different methods to assess perceived 
comfort. Among them, the visual analogue scale is the best, since it provides ratio 
data which are more meaningful statistically. The visual analogue scale is reported as 
a valid and reliable tool to measure either experimentally induced pain or chronic 
clinical pain. The visual analogue scale with 150 mm was recently designed to assess 
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the perceived comfort of footwear. 
The review of plantar pressure stated that plantar pressure is highly correlated 
with perceived comfort. While many studies investigated the plantar pressure of 
shoes for running, studies in soccer shoes are limited. Furthermore, there are no 
published literature that provides information on the relationship between plantar 
pressure and perceived comfort in soccer shoes. Further studies are needed to 
understand their relationship. Most studies in the past used a force platform to 
measure the force and centre of pressure of sports shoes. However, little information 
can be obtained concerning the plantar surface of the foot. Later, a discrete pressure 
sensor which is attached on the desired location beneath the foot was designed to 
measure plantar pressure. These discrete sensors can only measure pressure in the 
area attached and not the whole plantar surface, so many useful data are missed. 






In Experiment 1，18 male players participated, and in Experiment 2，15 male 
players participated. The subjects in Experiments 1 and 2 were not exactly the same. 
Thirteen subjects participated in both Experiment 1 and Experiment 2, while 5 
subjects only participated in Experiment 1，and 2 subjects only participated in 
Experiment 2. All subjects were current members of the university soccer team. 
Characteristics of Subject 
All subjects were physically active and free from lower extremity injury or pain. 
They all wore the same experimental shoe size (EUR 43) without any feeling of 
discomfort. 
In Experiment 1，18 subjects participated, and their average height and weight 
were 1.73(士0.05)m and 60.79(士4.23)kg，respectively. Three of them play with their 
left leg dominantly, while 15 play with their right leg dominantly. The self-reported 
experiences of playing soccer and wearing soccer shoes were 10.67(士2.72) years and 
5.94(±2.8) years, respectively. 
In another visit, 15 subjects participated in Experiment 2, and their average 
height and weight were 1.73(士0.04)m and 61.67(±3.61)kg, respectively. Three of 
them play with their left leg dominantly, while 12 of them play with their right leg 
dominantly. Their self-reported experiences of playing soccer and wearing soccer 
shoes were 10.20(士2.98) years and 4.73(±2.19) years, respectively. 
Shoe 
In this study, three different kinds of soccer shoes were compared, and there 
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was one shoe for control purpose (Figure 5). The three soccer shoes were SI, S2, and 
S3, where SI consisted of 12 circular studs, S2 consisted of six circular studs, and S3 
consisted of 12 newly designed studs (by Diadora). In addition, the control shoe (Sc) 
consisted of 12 circular studs. The descending order of surface area of each shoe's 
stud is as follows: Sc, SI, S3, and S2 (Table 1). For Sc, SI, and S3，the studs in the 
rear foot area were larger than that in the forefoot area, while all studs of S2 are the 
same. All subjects wore the same size (EUR 43) of soccer shoes during the warm-up 
and testing periods in order to minimize any possible effects of shoe sizes on 
performance. 
Control shoe (Sc) Testing shoe 1 (SI) 
Testing shoe 2 (S2) Testing shoe 3 (S3) 
Figure 5. The control shoe (Sc) and three testing shoes (SI, S2, and S3) were used in 
this study. Sc consisted of 12 circular studs, SI consisted of 12 circular studs, S2 
consisted of six circular studs, and S3 consisted of 12 newly designed studs. 
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Table 1 
Specifications of the Four Soccer Shoes Used in this Study 
Stud Stud length Stud area Weight per 
Shoe Description 
material (cm) (cm) shoe (g) 
Sc 12 circular studs TPU 0.7- 1 0.95 - 1.33 294 
51 12 circular studs TPU 0.9 - 1.1 0.79 - 1.13 360 
52 6 circular studs Aluminum 1.2- 1.5 0.5 310 
53 12 new-designed studs TPU 1 - 1.6 0.6- 1.03 296 
Note. TPU = Termoplastic polyurethane; Sc = control shoe; SI = testing shoe 1; S2 = 
testing shoe 2; S3 = testing shoe 3. 
Experimental Design 
Experiment 1 
Experiment 1 was performed on natural grass. Only the perceived comfort 
rating was collected in this experiment. The area for experiment was 40 meters long 
and 7 meters wide (Elis et al., 2004) as shown in Figure 6. 
For forward running and backward running, the subjects ran from the starting 
point to the end point and then returned to the starting position. The distance was 80 
meters and therefore, the players were made to repeat the required process six times 
in order to achieve the distance of 480 meters. Pairs of infrared timing sensors 
(Speedtrap II Wireless Timing System, Brower Timing System, Australia) were 
secured on the starting point to measure the time used in each running movement. 
The times were recorded for further analysis. 
For zigzag running, the subjects ran from the starting point to the nearest 
opposite cone and after reaching the end point, the subjects returned to the starting 
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point on the same zigzag path. 
For maximal vertical jump, the subjects performed jumping in the area near the 
starting point. 
^ ~ 12m ~ . 
R 0 0 Q 
CO , ^ m 
7m sr _ = 
S < < < 
p 0 O 0 
I 40m " 
Figure 6. Experimental set up of the perceived comfort test on natural grass. "R" 
denotes the infrared timing device; the black circles denote the cone used in zigzag 
running. 
Note. Forward running and backward running: Start from "Start" to "End" and then 
return to "Start", and repeat the process six times; zigzag running: Start from "Start" 
and then run to the nearest opposite cone; After reaching "End", the subjects return 
to "Start" on the same zigzag path. 
The total time the subjects spent on Experiment 1 was 138.50(±15.81)min. The 
duration for forward running, backward running, and zigzag running were, 
181.45(士20.36)s，259.19(士28.02)s，and 44.19(±4.61)s, respectively (Appendix F)， 
where both control shoes (Sc) and testing shoes (SI, S2, S3) were included. 
The mean temperature during the experimental day was 24.21(±1.61)°C as 
reported by Hong Kong Observatory. All experiments were conducted on days when 
the conditions were dry and ideal. 
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Experiment 2 
Experiment 2 was performed on artificial turf (FieldTurf) with a length of 20 
meters and a width of 8 meters as shown in Figure 7. In this experiment, the data for 
plantar pressure and perceived comfort were collected. The data for plantar pressure 
were correlated with the data for perceived comfort. 
For running (Figure 7a), the subjects ran from the starting point to the end point 
in each trial, and totally five successful trials were collected for each shoe. Infrared 
timing sensors ("R" in Figure 7a) were located in the middle 10 m to determine if the 
running speed was within the desired range. Two pairs of infrared timing sensors 
(Speedtrap II Wireless Timing System, Brower Timing System, Australia) were 
secured on the running pathway to measure the time used in running. Only the time 
covering the middle 10 m was recorded. The times were recorded for further 
analysis. 
For sideward cutting (Figure 7b)，the subjects started from the left cutting area 
("S" in the figure) and then performed three or four sidesteps to reach the right 
cutting area and then followed by a cutting back to the left cutting area. For each 
shoe, five cuttings to both left and right sides were required. 
For 45-degree cutting to the left (FigureTc), the subjects started from the 
starting point and then ran to the left cutting area ("CL" in the figure); after cutting in 
this area, the subjects performed sidesteps to the right cutting area ("CR" in the 
figure). Five trials were required for each shoe. The 45-degree cutting to the right 
was the same as the 45-degree cutting to the left, except that it was in the opposite 
direction. 
For countermovement vertical jump, the subjects performed the jumping in the 
area near the starting point. 
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Figure 7. Set-up of Experiment 2: (a) running; (b) sideward cutting; (c) 45-degree 
cutting to the left (CL) and the right (CR). 
Note. For running, the subjects started from the left cutting area ("S" in the figure), 
performed three or four sidesteps to reach the right cutting area and then followed by 
a cutting back to the left cutting area. For sideward cutting, the subjects started from 
the left cutting area ("S" in the figure), performed three or four sidesteps to reach the 
right cutting area and then followed by a cutting back to the left cutting area. For 
45-degree cutting to the left, the subjects started from the "Start" point, ran to the left 
cutting area ("CL" in the figure), and then after cutting in the area, the subjects 
performed sidesteps to the right cutting area ("CR" in the figure). 
The total time the subjects spent on Experiment 2 was 108.93(士 16.58)min. The 
running speed of the 15 subjects was an average of 3.32(士0.11)m/s，where the 
control shoes (Sc) and the testing shoes (SI, S2, S3) were both included (Appendix 
G). One-way ANOVA with repeated measures showed that there was no significant 
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difference in running speed {F= M l , p = .456) among SI, S2, and S3. 
The temperature during the experimental days was 19.17(士3.40)°C as reported 
by Hong Kong Observatory. All experiments were conducted on days when the 
conditions were dry and ideal. 
Instrumentation 
Insole Plantar Pressure Device 
The insole plantar pressure device Pedar Mobile system (Novel GmbH, Munich) 
was used to measure plantar pressure under shod condition (Chen et al., 1994). The 
system consisted of two flexible insoles (each containing 99 sensors in a matrix 
design) and a portable datalogger for data storage. The sampling frequency was 50 
Hz, and the system had a resolution of 1.7cm^ per sensor. The accuracy was 5% 
better than over a temperature range of 10°C to 40°C. During the data collection, the 
device was placed between the test shoe and the plantar surface of the foot. The 
datalogger was secured by a belt on the subject's waist. 
Questionnaire 
The visual analog scale questionnaire was used to assess perceived comfort in 
this study. The questionnaire consisted of 13 questions (see Appendix E) which were 
adopted and modified from previously published studies assessing comfort of shoe 
insert (Mundermann et al., 2001) and shoes for running (Mundermann et al., 2002). 
The questionnaire originally had nine questions assessing perceived feeling on 
overall comfort, heel cushioning, forefoot cushioning, medio-lateral control, arch 
height, heel cup fit, shoe heel width, shoe forefoot width, and shoe length. In this 
study, four questions were added to assess the feeling on the studs' position, the 






After an explanation of the experimental procedure, the potential benefits and 
risks, and the right to discontinue the test at anytime (see Appendix A), a written 
informed consent (see Appendix B) was obtained from each subject before any of the 
experiments was conducted. 
Test protocol. 
Instruction on filling out the questionnaire 
The subjects were instructed to concentrate on the feeling on the plantar surface 
and to rate their comfort. The researcher also explained each question on the 
questionnaire to the subjects and confirmed with all of them that they fully 
understood all the questions. 
Warm-up 
The warm-up exercise consisted of 160 meters of forward running, 160 meters 
of backward running, one zigzag running, five vertical jumps (maximum height), and 
five minutes of muscle stretching. The subjects wore control shoes (Sc) in the 
warm-up session. 
Test 
The order of the experimental shoes was Sc-Sl-Sc-S2-Sc-S3, where Sc was the 
control shoe and SI, S2, and S3 were the three different testing shoes in a 
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randomized order (Mundermann et al., 2002). 
The test movements included forward running (480 meters), backward running 
(480 meters), zigzag running, and maximal vertical jumping (5 times). The subjects 
were instructed to run at their preferred speed in this experiment (Chen et al., 1994). 
The questionnaire was filled out after the four test movements (forward running, 
backward running, zigzag running, and maximal vertical jump). After this, a 
five-minute rest at its least was allowed before the next test. During the rest time, the 
subjects were instructed to change to their next shoes, and water was also provided 
to them to avoid dehydration. 
Experiment 2 
In Experiment 2, 13 subjects had prior participation in Experiment 1，while 2 
did not and totally fifteen subjects in this experiment. For those who participated in 
Experiment 1，a minimal interval of six weeks between Experiment 1 and 
Experiment 2 was arranged to minimize the effect of Experiment 1 on Experiment 2. 
Informed consent. 
After explanation of the experimental procedure, the potential benefits and risks, 
and the right to discontinue the test at anytime (Appendix C), a written informed 
consent (Appendix D) was obtained from the subjects before any of the experiments 
was conducted. 
Test protocol 
Instruction on filling out the questionnaire 
The subjects were instructed to concentrate on the feeling on the plantar surface 
and to rate their comfort. The researcher also explained each question on the 
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questionnaire to the subjects and confirmed with all of them that they fully 
understood all the questions. 
Warm-up 
The warm-up exercise consisted of 210 meters of running, five sideward 
cuttings on each side, five 45-degree cuttings on each side, five vertical jumps 
(maximum height), and five minutes of muscle stretching. The subjects wore control 
shoes (Sc) in the warm-up session. 
Test 
The order of the experimental shoe was Sc-Sl-Sc-S2-Sc-S3，where Sc was the 
control shoe and S1，S2，and S3 were the three different testing shoes in a 
randomized order (Mundermann et al , 2002). 
The test movements included five running (15 meters) at 3.3m/s, five sideward 
cuttings to each side (fastest speed), five 45-degree cuttings on each side (fastest 
speed), and five countermovement vertical jumps (maximum height). The subjects 
were also instructed to perform running on the 15m-long pathway at 5% within the 
desired speed (3.3m/s), and only the trials that fall within the desired range of speed 
were accepted. Time was recorded only in running but not in sideward cutting, 
45-degree cutting to the left, and 45-degree cutting to the right. In addition, the 
height of jumping was not recorded. 
The questionnaire was filled out after the four test movements (running, 
sideward cutting, 45-degree cutting to each side, and countermovement vertical 
jump). After filling out the questionnaire, a five-minute rest at its least was allowed 
before the next test. During the rest time, the subjects were instructed to change to 
their next shoes, and water was also provided to them to avoid dehydration. 
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Parameters 
In Experiment 1，the following 13 parameters of perceived comfort were 
collected: (1) overall comfort, (2) heel cushioning, (3) forefoot cushioning, (4) 
medio-lateral control, (5) arch height, (6) heel cup fit, (7) shoe heel width, (8) shoe 
forefoot width, (9) shoe length, (10) studs' position, (11) pressure under big toe, (12) 
pressure under first meta-tarsal, and (13) shoe weight. 
In Experiment 2，perceived comfort and plantar pressure were collected. For 
perceived comfort, the same parameters as in Experiment 1 were used, while for 
plantar pressure, the total peak pressure and peak pressures in 10 masked areas were 
selected. The 10 masked areas were as follows: (1) medial heel, (2) lateral heel, (3) 
medial arch, (4) lateral arch, (5) medial forefoot, (6) central forefoot, (7) lateral 
forefoot, (8) hallux, (9) second toe, and (10) lateral toes. 
Data Reduction 
In perceived comfort measurement, the perceived comfort ratings in 13 
questions were measured using a ruler with a precision of 1 mm. The distance 
between the leftmost (0 mm) rating and the location marked by the subject was 
stated for further statistical analysis. 
In plantar pressure measurement, the sampling frequency of the video camera 
and plantar pressure device were both at 50 Hz. The plantar pressure device 
contained a datalogger, and there is a visual flash light on the datalogger. The light 
was triggered when the device was started to collect data. 
Video films were synchronized with the plantar pressure data in order to 
identify the plantar pressure of each footprint. Video films were trimmed so that each 
file represented one movement for each shoe. During this process, the light on the 
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datalogger, which was captured by the camera, was used to determine the first frame 
of the video. After these processes, the first frame of the video was the time when the 
plantar pressure device started to collect data. By viewing the video and marking the 
frame numbers, the plantar pressure of each footprint can be identified and trimmed 
for further analysis. 
The commercial software Novel Multimask was used to create masks of each 
footprint. Each footprint was subdivided into the following 10 different masks as 
showed in Figure 8 (Elis et al., 2004): (1) medial heel, (2) lateral heel, (3) medial 
arch, (4) lateral arch, (5) medial forefoot, (6) central forefoot, (7) lateral forefoot, (8) 
hallux, (9) second toe, and (10) lateral toes. The masks were designed according to 
the stud positions and would reflect the difference among the three different kinds of 
soccer shoes. In order to save time, all footprints of the same movement and on the 
same foot were grouped together using the same software (Novel Multimask) before 
calculating the required parameters (total peak pressure and peak pressures of 10 
masked areas). Only the total peak pressure and peak pressures of the 10 masked 
areas were exported for analysis. 
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Figure 8. Division of the 10 masked areas for analysis: (1) medial heel, (2) lateral 
heel, (3) medial arch, (4) lateral arch, (5) medial forefoot, (6) central forefoot, (7) 
lateral forefoot, (8) hallux, (9) second toe, and (10) lateral toes. 
Note. Symbols on the bottom left comer represent the studs of the three different 
kinds of soccer shoes. (SI, S2, and S3). 
Data Analysis 
The software package SPSS 12.0 was employed in the data analysis. An alpha 
level of .05 was used for all statistical tests. 
1. In Experiment 1，one-way ANOVA with repeated measure was employed to 
examine the differences in perceived comfort rating among the three kinds of 
shoes, i.e. SI, S2, and S3. Pairwise comparison with Bonferroni adjustment was 
employed when there was a demonstrated significant difference in one-way 
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ANOVA with repeated measure (Bland & Altman, 1995). The Bonferroni method, 
similar to the t-test, is used to determine differences, but still maintains the global 
alpha value at .05 (University of New England, 2000). 
For each subject, the plantar pressure (including total peak pressure and the peak 
pressures of 10 masked areas) of five trials from the same movement and the same 
shoes were averaged. For example, when one subject performed five jump landings 
wearing the same shoes, his plantar pressures recorded from the left foot were 
averaged, and his plantar pressures recorded from the right foot were also averaged. 
Since each subject needed to perform five movements (running, sideward cutting, 
45-degree cutting to the left, 45-degree cutting to the right, and jump landing), three 
different kinds of soccer shoes were worn, and plantar pressures were recorded on 
both feet. Therefore, each subject had 30 averaged plantar pressures. More 
specifically, each subject had 30 total peak pressures and 30 peak pressures in each 
of the 10 masked areas. These data were used in the analysis. 
2. In Experiment 2，one-way ANOVA with repeated measure was employed to 
examine the differences in perceived comfort rating among the three kinds of 
shoes, i.e. SI, S2, and S3. Pairwise comparison with Bonferroni adjustment was 
employed when there was a demonstrated significant difference in one-way 
ANOVA with repeated measure (Bland & Altman，1995). 
3. In Experiment 2, one-way ANOVA with repeated measure was employed to 
examine the differences in plantar pressure among the three kinds of shoes, i.e. 
SI, S2, and S3. Pairwise comparison with Bonferroni adjustment was employed 
when there was a demonstrated significant difference in one-way ANOVA with 
repeated measure (Bland & Altman，1995). 
4. In Experiment 2, Pearson Correlation was employed to examine the relationship 
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between plantar pressure and perceived comfort rating. 
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Results 
Perceived Comfort Rating (Experiment 1) 
The perceived comfort ratings for all subjects wearing the three kinds of soccer 
shoes (SI, S2, S3) are shown in Figure 9. Several patterns of perceived comfort 
ratings were observed. First, some subjects rated shoes in a very consistent way 
(subjects 1，7，and 13)，whereas others showed large fluctuations in rating (subjects 4, 
8，and 10). Second, some subjects made use of the whole length of the visual 
analogue scale (subjects 8，10，16, and 18)，while some used only a fraction of the 
scale (subjects 1,9，11，13，and 14). Third, some subjects rated high scores for all 
shoes (subjects 2 and 6)，whereas others rated average scores (subjects 1，3，9, 11, 13, 
and 14) and low scores (subjects 4 and 15). 
Although there were different patterns in the subjects' answers when filling out 
the questionnaire, there was fair to moderate inter-rater consistency when Intraclass 
Correlation (Shrout & Fleiss, 1979) was employed (Table 2). The Cronbach's Alpha 
of SI, S2, and S3 were .768, .652, and .456, respectively. The correlations were 
ranged from fair to moderate, suggesting that despite differences in subjects' scoring, 
they were able to determine the perceived comfort in moderately consistent way. 
Table 2 
Intraclass Correlation (N = 18) of Perceived Comfort Rating in Experiment 1 
Shoe Cronbach's Alpha F 
51 .768 4.314* 
52 .652 2.870* 
53 .456 1.838* 
Note. SI, S2, and S3 are the three testing shoes. 
* p < . 0 5 . 
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Figure 9. Perceived comfort ratings for all subjects wearing three soccer shoes (SI, S2, S3) in Experiment 1. 
Note. Perceived comfort ratings are shown on a scale from 0 mm (the least comfortable) to 150 mm (the most 
comfortable). 
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A comparison of the perceived comfort ratings among the three different kinds 
of soccer shoes (SI, S2, S3) using one-way ANOVA with repeated measures 
demonstrated significant differences in seven question items (Table 3). Pairwise 
comparison with Bonferroni adjustment was used for these seven question items and 
results are shown in Figure 10, where black lines indicate a significant difference 
among different kinds of shoes. Results were in the same sequence where S3 had the 
highest rating (the most comfortable) in overall comfort (Ql), forefoot cushioning 
(Q3), arch height (Q5), shoe length (Q9)，studs position (QIO), pressure under first 
metatarsal (Q12), and shoe weight (Q13), followed by S2 and then SI. 
Table 3 
Comparison of Perceived Comfort Rating (mm) of Three Testing Shoes (SI, S2, S3) 
in Experiment 1 
Question SI ^ S3 F 
Mean SD Mean SD Mean SD 
Ql 78.56 19.39 91.33 27.20 97.50 19.70 3.869* 
Q2 79.83 19.46 85.72 18.26 85.00 29.56 .357 
Q3 65.72 20.48 70.78 28.62 91.89 19.33 8.908* 
Q4 73.17 23.68 81.33 25.43 87.33 27.14 1.379 
Q5 66.06 19.67 79.83 17.72 81.28 22.28 4.181* 
Q6 81.61 18.48 85.83 22.71 88.78 20.94 .539 
Q7 76.11 17.48 81.22 17.69 83.72 26.83 .734 
Q8 81.61 17.14 84.00 24.03 84.56 19.22 .112 
Q9 71.39 17.74 91.11 24.41 97.78 17.82 8.659* 
QIO 70.33 13.17 80.94 25.21 97.72 22.02 9.111* 
Q l l 80.61 25.90 79.83 29.94 90.28 20.35 1.022 
Q12 54.17 23.15 64.33 26.91 81.83 25.10 5.989* 
Q13 73.56 12.45 88.78 19.33 97.00 22.43 9.117* 
Note. Ql = overall comfort; Q2 = heel cushioning; Q3 = forefoot cushioning; Q4 = 
medio-lateral control; Q5 = arch height; Q6 = heel cup fit; Q7 = shoe heel width; Q8 
=shoe forefoot width; Q9 = shoe length; QIO = studs position; Ql l = pressure under 
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great toe; Q12 = pressure under first metatarsal; Q13 = shoe weight. 
* < .05. 
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Figure 10. Comparison of perceived comfort rating among the three kinds of soccer 
shoes (SI, S2, S3) in Experiment 1. 
Note. Black lines indicate significance at/? < .05. Ql = overall comfort; Q3 = 
forefoot cushioning; Q5 = arch height; Q9 = shoe length; QIO 二 studs position; Q12 
=pressure under first metatarsal; Q13 = shoe weight. 
Perceived Comfort Rating (Experiment 2) 
Perceived comfort ratings for all subjects wearing three soccer shoes (SI, S2, 
S3) are shown in Figure 11. Several patterns of perceived comfort ratings were 
observed. First, some subjects rated shoes in a very consistent way (subjects 2, 4， 
and 12), whereas others showed large fluctuations in rating (subjects 5，6，7，11，and 
15). Second, some subjects made use of the whole length of the visual analogue scale 
(subjects 6 and 11)，while others used only a fraction of the scale (subjects 1，3，8, 
and 12). Third, some subjects (subjects 1，8，and 12) rated middle scores for all shoes, 
whereas others rated low scores (subjects 2 and 7)，but no subject rated high scores. 
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Although different patterns were observed in subjects' ratings when filling out 
the questionnaire, there was fair to moderate inter-rater consistency in Intraclass 
Correlation (Shrout & Fleiss，1979) (Table 4). The Cronbach's Alpha of SI, S2，and 
S3 were .790，.525, and .591, respectively. The correlations were ranged from fair to 
moderate, suggesting that despite differences in subjects' scoring, they were able to 
determine the perceived comfort in moderately consistent way. 
Table 4 
Intraclass Correlation (N = 15) of Perceived Comfort Rating in Experiment 2 
Shoe Cronbach's Alpha F 
51 .790 4.753* 
52 .525 2.106* 
53 .591 2.443* 
Note. SI, S2, and S3 were the three testing shoes. 
*p<.05. 
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Figure 11. Perceived comfort ratings for all subjects wearing three soccer shoes (SI, S2，S3) in Experiment 2. 




A comparison of the perceived comfort ratings among the three kinds of soccer 
shoes (SI, S2, S3) using one-way ANOVA with repeated measures demonstrated no 
significant differences in all questions (Table 5). 
Table 5 
One-way ANOVA of Perceived Comfort Rating (mm) of Three Testing Shoes (SI, S2, 
S3) in Experiment 2 
Question ^ ^ S3 F 
Mean SD Mean SD Mean SD 
Q1 76.00 19.96 80.87 23.08 84.93 17.46 .617 
Q2 78.73 21.23 84.00 11.99 86.00 13.90 1.043 
Q3 68.67 24.16 77.40 14.38 77.27 16.70 1.021 
Q4 71.80 23.84 82.13 24.98 69.13 31.70 .924 
Q5 73.13 26.25 80.60 13.16 86.27 11.52 2.045 
Q6 78.07 20.61 83.07 12.52 87.53 13.02 1.359 
Q7 83.47 17.78 81.47 12.89 88.33 19.65 .727 
Q8 87.40 19.56 69.40 24.51 77.00 27.28 2.197 
Q9 86.80 24.00 78.73 24.94 85.07 17.06 .689 
QIO 79.40 19.28 87.73 19.84 78.40 25.17 .967 
Q l l 77.47 27.64 71.80 25.02 87.07 20.49 1.815 
Q12 64.40 25.46 67.07 18.83 73.33 24.13 .756 
Q13 82.87 20.49 83.00 8.94 91.00 16.24 1.451 
Note. Q1 = overall comfort; Q2 = heel cushioning; Q3 = forefoot cushioning; Q4 = 
medio-lateral control; Q5 = arch height; Q6 = heel cup fit; Q7 = shoe heel width; Q8 
=shoe forefoot width; Q9 = shoe length; QIO = studs position; Ql l = pressure under 
great toe; Q12 = pressure under first metatarsal; Q13 = shoe weight. 
Plantar Pressure (Experiment 2) 
Paired t-test was employed to examine the significant differences of peak 
pressure between dominant and nondominant feet. The peak pressures of most of the 
masked areas were not significantly different between dominant and nondominant 
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feet. Although there were significant differences in peak pressure among the three 
kinds of soccer shoes (SI, S2, and S3) under some masked areas as shown in Table 6, 
they occurred occasionally and hence, it could not be concluded that there is a 
significant difference in peak pressure between dominant and nondominant feet. The 
mean differences between dominant and nondominant feet of the three soccer shoes 
were shown in Appendix H. 
Intraclass correlation was employed to measure the inter-rater consistency. 
Since there were no consistent and significant differences between dominant and 
nondominant feet among the three kinds of soccer shoes (SI, S2, S3), only footprints 
of subjects' dominant foot were selected. Specifically, in sideward cutting and 
45-degree cutting, only the footprints on the right side of subjects with right 
dominant foot and only the footprints on the left side of subjects with left dominant 
foot were selected. The total peak pressure and peak pressure of all 10 masked areas 
were included in the calculation. 
Although subjects may have different styles of running, cutting, and jump 
landing, the results of intraclass correlation (Table 7) showed that the inter-rater 
consistency of plantar pressure was very high, where the Cronbach's Alpha ranged 
from .973 to .990. In addition, all the intraclass correlation results were significant at 
p < .05. Therefore, the protocol and the pressure measuring device were believed to 
provide a reliable measurement of plantar pressure in the three kinds of soccer shoes. 
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Table 6 
Paired t-test (N = 15) for Peak Pressure (kPa) between Dominant and Nondominant 
Feet 
Peak pressure Running Sideward 45-degree Jump landing 
cutting cutting 
SI S2 S3 SI S2 S3 SI S2 S3 SI S2 S3 
Total * 
Hallus * * * * * 
Second toe * 
Lateral toes 
Medial forefoot 
Central forefoot * * 




Lateral heel * 
* indicates significant difference between dominant and nondominant feet at p 
<.05. 
Table 7 
Intraclass Correlation (N = 15) of Plantar Pressure in Experiment 2 
Shoe Running Sideward cutting 45-degree cutting Jump landing 
Alpha F Alpha F Alpha F Alpha F 
SI .977 43.289* .985 68.899* .990 98.218* .979 48.732* 
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52 .985 66.820* .983 59.659* .985 68.962* .984 62.064* 
53 .984 61.872* .979 48.196* .985 68.079* .973 37.134* 
Note. SI, S2, and S3 were the three testing shoes. The total peak pressure and the 
peak pressures of all 10 masked areas were included in the calculation. 
*/7<.05. 
One-way ANOVA with repeated measure was employed to compare the 
difference in plantar pressure among the three kinds of soccer shoes (SI, S2 and S3). 
Results were shown in Appendix I，and the summary of these results was shown in 
Table 8. For those that had significant differences in peak pressure among SI, S2， 
and S3, pairwise comparisons were conducted, and the results were shown in Figure 
12，Figure 13，Figure 14 and Figure 15, where they were corresponded to running, 
sideward cutting, 45-degree cutting, and jump landing, respectively. 
Table 8 
One-way ANOVA for Peak Pressure Among the Three Soccer Shoes during Running. 
Sideward Cutting, 45-Degree Cutting, and Jump Landing 
Peak pressure F value 
Running Sideward cutting 45-degree cutting Jump landing 
Total 3.221 7.272* 5.341* 3.683* 
Hallus .357 2.080 2.703 .360 
Second toe .954 7.116* 15.762* 4.391* 
Lateral toes 10.612* 5.031* 9.761* 5.036* 
Medial forefoot 7.526* 10.377* 11.963* 23.605* 
Central forefoot 70.181* 1.542 .009 26.743* 
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Lateral forefoot 5.610* 17.569* 10.010* .668 
Medial arch 19.515* 6.043* 22.659* 6.088* 
Lateral arch 14.313* 1.197 3.847* 6.757* 
Medial heel 16.443* 4.399* 3.343* 2.351 
Lateral heel 79.464* 9.555* 26.440* 1.159 
* indicates significant differences between SI, S2, and S3 atp< .05. 
For running, the total peak pressure of the three kinds of soccer shoes in 
ascending order was 404.6IkPa for S2，411.18kPa for S3, and 450.88kPa for SI. 
Moreover, for each shoe, the highest peak pressure occurred under the medial 
forefoot (362.5IkPa) o f S l , under hallus (370.92kPa) of S2, and under hallus 
(382.1 IkPa) of S3. Significant differences in peak pressure were observed in the 
lateral toes ( F = 10.612), medial forefoot ( F = 7.526)，central forefoot (F= 70.181)， 
lateral forefoot (尸=5.610)，medial arch (F= 19.515), lateral arch (F= 14.313), 
medial heel (F= 16.443)，and lateral heel (F = 79.464). Pairwise comparisons 
(Figure 12) showed that under lateral toes, SI had a significantly lower pressure than 
S2 and S3, and under medial forefoot and central forefoot, SI had a significantly 
higher pressure than S2 and S3. Under lateral forefoot, SI had a significantly lower 
pressure than S2, and under medial arch, S2 had a significantly lower pressure than 
SI and S3. Under lateral arch, SI had a significantly higher pressure than S2 and S3， 
and under medial heel, SI had a significantly higher pressure than S2. Finally, under 
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pressure than S2, and under the medial forefoot, SI had a significantly higher 
pressure than S2 and S3. Under the lateral forefoot, S3 had a significantly higher 
pressure than SI and S2, and under the medial arch, SI had a significantly lower 
pressure than S2 and S3. Under medial heel, SI had a significantly higher pressure 
than S3, and under the lateral heel, SI had a significantly higher pressure than S2 
and S3. 
eco r mmm 
n - ；7 500 - _ 
I I I 1 I |l 1 
I i 1 1 - . i 11 
„ i i i lMal』」 
Total Hallus Second Lateral Medial Central Lateral Medial Lateral Medial Lateral 
toe toes forefoot forefcot forefeet arch arch heel hed Area 
Figure 14. Comparison of total peak pressure and peak pressures for 45-degree 
cutting in 10 masked areas among the three kinds of soccer shoes (SI, S2，and S3). 
Note. Black lines indicate significance at/> < .05. 
For jump landing, the total peak pressure of the three kinds of soccer shoes in 
ascending order was 352.38kPa for S3, 353.25kPa for S2, and 394.89kPa for SI. 
Moreover, for each shoe, the highest peak pressure occurred under the hallus of SI 
(342.60kPa), S2 (329.21kPa), and S3 (330.02kPa). Significant differences were 




































































































































































































































































































































































































































































































































































sideward cutting, 45-degree cutting, and jump landing were averaged for each shoe. 
Therefore, each subject had one total peak pressure and 10 peak pressures (Appendix 
J) for each shoe. 
Moreover, four averaged peak pressures were also calculated, and they were the 
peak pressures in the toe, forefoot, arch, and heel. The average of toe peak pressure 
was the averaged value of the hallus, second toe, and lateral toes. The average of 
forefoot peak pressure was the averaged value of the medial forefoot, central 
forefoot, and lateral forefoot. The average of arch peak pressure was the averaged 
value of the medial arch and lateral arch. The average of heel peak pressure was the 
averaged value of the medial heel and lateral heel. 
As shown in Table 9, all of the plantar pressures did not have high correlation 
with perceived overall comfort (Ql) for the three soccer shoes. Though in S2, there 
were moderate and significant correlations between peak pressure under the medial 
heel and perceived overall comfort (r = .56) and between average of heel peak 
pressure and perceived overall comfort (r = .57), no consistent and significant 
correlations among the three kinds of soccer shoes were observed. 
No strong correlation was found between perceived comfort of forefoot 
cushioning and peak pressures of forefoot (Table 10), and between perceived 
comfort of pressure under first metatarsal and peak pressure under medial forefoot 
(Table 11). 
Consistent negative correlations were found between perceived comfort of heel 
cushioning and peak pressures of heel (Table 12)，and the correlations ranged from 
very low (r = -.056) to moderate (r = -.483). 
Consistent negative correlations were also found between perceived comfort of 
arch height and peak pressures of arch (Table 13)，and the correlations ranged from 
very low (r = -.142) to high (r = -.735). 
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Surprisingly, a consistent positive correlation was found between perceived 
comfort of pressure under the great toe and peak pressure under hallus (Table 14), 
and the correlations ranged from very low {r = .069) to low (r = .302). 
Table 9 
Correlation between Perceived Overall Comfort (Ql) and Peak Pressure in 
Experiment 2 
Peak pressure Perceived Overall Comfort (Q1) 
SI S2 S3 
Total .05 .16 -.10 
Hallus .07 .03 -.34 
Second toe -.24 .24 .12 
Lateral toes .00 -.40 .11 
Average of toe -.06 -.08 -.10 
Medial forefoot -.20 .14 .28 
Central forefoot -.47 .02 .39 
Lateral forefoot -.07 -.09 .10 
Average of forefoot -.35 .08 .35 
Medial arch .20 -.33 .05 
Lateral arch .08 .08 -.22 
Average of arch .19 -.22 -.03 
Medial heel -.10 .56* -.15 
Lateral heel .07 .49 -.34 
Average of heel -.02 .57* -.27 
Note. Average of toe was the averaged value of hallus, second toe, and lateral toes. 
Average of forefoot was the averaged value of medial forefoot, central forefoot, and 
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lateral forefoot. Average of arch was the averaged value of medial arch and lateral 
arch. Average of heel was the averaged value of medial heel and lateral heel. 
* p < . 0 5 . 
Table 10 
Correlation between Perceived Comfort of Forefoot Cushioning (Q3) and Peak 
Pressure in Experiment 2 
Peak pressure Perceived comfort of forefoot cushioning (Q3) 
SI S2 S3 
Medial forefoot -.031 .416 .143 
Central forefoot -.281 .024 .298 
Lateral forefoot -.149 .208 .288 
Average of forefoot -.174 .280 .264 
Note. Average of forefoot was the averaged value of medial forefoot, central forefoot 
and lateral forefoot. 
Table 11 
Correlation between Perceived Comfort of Pressure under First Metatarsal (Q12) 
and Peak Pressure in Experiment 2 
Peak pressure Perceived comfort of pressure under first metatarsal (Q12) 
SI S2 S3 
Medial forefoot -.165 .028 -.251 
Table 12 
Correlation between Perceived Comfort of Heel Cushioning (Q2) and Peak Pressure 
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in Experiment 2 
Peak pressure Perceived comfort of heel cushioning (Q2) 
SI S2 S3 
Medial heel -.292 -.056 -.295 
Lateral heel -.118 -.106 -.483 
Average of heel -.214 -.083 -.425 
Note. Average of heel was the averaged value of medial heel and lateral heel. 
Table 13 
Correlation between Perceived Comfort of Arch Height (Q5) and Peak Pressure in 
Experiment 2 
Peak pressure Perceived comfort of arch height (Q5) 
SI S2 S3 
Medial arch -.449 -.718* -.142 
Lateral arch -.260 -.566* -.383 
Average of arch -.451 -.735* -.235 
Note. Average of arch was the averaged value of medial arch and lateral arch. 
*/?<.05. 
Table 14 
Correlation between Perceived Comfort of Pressure under the Great Toe (Qll) and 
Peak Pressure in Experiment 2 
Peak pressure Perceived comfort of pressure under great toe (Qll ) 
SI S2 S3 
Hallus .069 .159 .302 
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Discussion 
Perceived Comfort Rating (Experiment 1 and Experiment 2) 
In Experiment 1，Intraclass Correlation of the perceived comfort ratings showed 
that the inter-rater consistency results were fair to moderate, where the Cronbach's 
Alpha ranged from .456 to .768 (Table 2). In addition, pairwise comparison of the 
three kinds of soccer shoes showed that significant differences existed in overall 
comfort (Ql), forefoot cushioning (Q3), arch height (Q5), shoe length (Q9)，stud 
position (QIO), pressure under first metatarsal (Q12), and shoe weight (Q13). For 
these questions, S3 was always rated the most comfortable, followed by S2, and SI 
was rated the least comfortable. 
Torg and Quedenfeld's (1974) study found out that soccer shoes with more 
studs and a larger stud tip diameter increased the surface area contact with the turf 
and thus decreased the force mediated through each stud. Further, it is believed that 
lesser pressure would result in higher perceived comfort rating. It was hypothesized 
that S1 with 12 circular studs and with the largest stud surface area among the testing 
shoes would have the highest perceived comfort rating, while S2 with only six 
circular studs and the smallest stud surface area would have the least perceived 
comfort rating. More specifically, large differences in perceived comfort ratings 
among the three kinds of soccer shoes were expected to occur under the heel and the 
forefoot, where there are more studs of SI and S3 than S2. 
However, the results showed that there is no significant difference in the 
perceived comfort of heel cushioning (Q2), while there was a significant difference 
in the perceived comfort of forefoot cushioning (Q3), where S3 had the highest score 
and S1 had the lowest score. Moreover, there was no significant difference in the 
perceived comfort of pressure under the great toe (Ql l ) among the three kinds of 
soccer shoes, although in that area, the stud surface area of each shoe was different. 
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The possible reasons for these results may be the nature of soccer in which the 
strongest pressure usually occurs in the forefoot area rather than in the heel area (Elis 
et al., 2004). Therefore, subjects may shift their attention from the heel to the 
forefoot area, and it has been reported that the centre of pressure underfoot shifted 
away from areas of decreased sensitivity (Nurse & Nigg，2001). To gain more 
understanding on this, foot sensitivity measurements of specific plantar areas of 
subjects are required as suggested by Mundermann et al. (2002). 
Some results in Experiment 1 support with the hypotheses. First, S3 had the 
highest rating (the most comfortable) of perceived comfort of shoe weight (Q13), 
followed by S2 and SI. The result was expected since the shoe weight of S3, S2, and 
SI, were 296 g, 310 g, and 360 g, respectively. Second, there was no significant 
difference among the three kinds of soccer shoes in heel cup fit (Q6), shoe heel 
width (Q7), and shoe forefoot width (Q8), since the shoe last which was used to 
make these shoes were the same. 
On the other hand, some results in Experiment 1 did not agree with the 
hypotheses. First, there was a significant difference in the perceived comfort of shoe 
length (Q9), although the shoe lengths of the three kinds of soccer shoes were 
actually the same. Second, S2 had a higher perceived comfort rating than SI in 
pressure under the first metatarsal (Q12), while S2 was expected to have the least 
rating since it has only one stud in this area and the smallest stud surface area. These 
unexpected results may be due to the Halo effect when the subjects filled out the 
questionnaire. The subjects may have given a high rating in all question items for 
one kind of shoe or the opposite. The subjects may have also connected one question 
item with other items. Milani et al. (1997) observed similar phenomenon and 
suggested that subjects use combinations of the same cues for the perceived comfort 
rating, independent of the question items. 
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Moreover, the subjects seem to have high sensitivity in arch height, since 
significant differences were shown in arch height (Q5) among the three kinds of 
soccer shoes. However, it was reported that people who have different arch height 
would have different perceived comfort rating on the same shoe insert (Mundermann 
et al., 2001). The arch height of each individual subject was not measured in the 
present study. 
Finally, S3 had higher perceived comfort ratings in all questions than SI. 
Therefore, it is postulated that perceived comfort rating is not only dependent on the 
stud surface area but also on the shape and position of the studs. Further studies 
should provide more information on this topic. 
In Experiment 2, Intraclass Correlation of the perceived comfort ratings showed 
that the inter-rater consistency results were fair and moderate, where the Cronbach's 
Alpha ranged from .525 to .790 (Table 4). Although there were no significant 
differences in all question items when comparing the three kinds of soccer shoes, S3 
was rated the most comfortable in overall comfort (Ql), heel cushioning (Q2), arch 
height (Q5), heel cup fit (Q6), shoe heel width (Q7), pressure under great toe (Qll), 
pressure under first metatarsal (Q12), and shoe weight (Q13). On the other hand, SI 
was rated the least comfortable in overall comfort (Ql), heel cushioning (Q2), 
forefoot cushioning (Q3), arch height (Q5), heel cup fit (Q6), pressure under first 
metatarsal (Q12), and shoe weight (Q13). 
There are two possible explanations for the absence of significant differences in 
perceived comfort ratings among the three kinds of soccer shoes in Experiment 2. 
First, there may be insufficient time for the subjects to evaluate the perceived 
comfort of each soccer shoe. The mean time spent for Experiment 2 was 108.93 min 
while for Experiment 1, it was 138.50 min. Possibly, the subjects may have needed 
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more time to provide accurate ratings. Second, the movements in Experiment 2 
require greater physical demands than in Experiment 1, which may have reduced the 
subjects' perceptual attention. It has been shown that there is a reduction of 
perceived sensation from extremities when motor pathways are active and when 
movements are complex (Dyre-Poulsen, 1978; Milani et al., 1997). 
There is no perceived comfort information for soccer shoes in the literature. 
Therefore, the Intraclass Correlation for soccer shoes is just compared to a paper 
published about shoes for running. Intraclass Correlations (of Experiment 1 and 
Experiment 2) in the present study are lower than those in a previous study 
(Mundermann et a l , 2002) which involved different inserts in shoes for running 
(Intraclass Correlation of all subjects was reported as .799). One possible 
explanation is the more complex movements used in the present study as compared 
to running only in a previous study. More complex movements were reported to 
reduce perceived sensation from extremities (Dyre-Poulsen, 1978; Milani et al., 
1997). 
Plantar Pressure (Experiment 2) 
The results of the paired t-test indicated no significant differences in peak 
pressure between dominant and nondominant feet in most of the masked areas. There 
is no literature available for symmetry of plantar pressure in soccer shoes, and the 
results of the present study are just compared with those results of shoes for running. 
The present study's findings support previous findings ofVanZant et al. (2001) who 
reported symmetry between left and right feet in in-sole peak pressure during 
walking and ofHamill et al. (1984) who reported symmetry in ground reaction force 
parameters during walking and running. They (Hamill et al , 1984) concluded that 
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there is no significant difference between the left/right and preferred/nonpreferred 
legs in ground reaction force (including vertical, antero-posterior, and medio-lateral 
components). Therefore, only the footprints of subjects' dominant foot were used in 
the following analysis. 
The results of Intraclass Correlation showed that the inter-rater consistency of 
plantar pressure was very high (Table 7)，which means that the protocol and the 
pressure measuring device provided a reliable measurement of plantar pressure in the 
three kinds of soccer shoes. There was no information on Intraclass Correlation of 
plantar pressure of soccer shoes in the literature. Therefore, the Intraclass Correlation 
of plantar pressure in the present study was compared with a previous study on the 
plantar pressure of shoes for running. The Intraclass Correlations of running, 
sideward cutting, 45-degree cutting, and jump landing were higher than those in the 
study of Kemozek and Zimmer (2000) who reported the ICC of plantar pressure as 
ranging from .84 to .99 during slow treadmill running from 2.24 m/s to 3.13 m/s. 
In comparing the plantar pressure among the three kinds of soccer shoes, S1 
was expected to have the smallest total peak pressure and peak pressure in the hallus, 
lateral toes, medial forefoot, lateral forefoot, medial heel, and lateral heel due to 
more studs and a larger surface area of studs, whereas S2 was expected to have the 
largest peak pressure in these areas. On the other hand, because there is no stud in 
the central forefoot for S2, it was expected to have the smallest peak pressure under 
the central forefoot. 
In running (Figure 12)，results showed that among the three kinds of soccer 
shoes, S1 had the largest total peak pressure and the largest peak pressures under the 
medial forefoot, central forefoot, medial arch, lateral arch, medial heel, and lateral 
heel, while it had the smallest peak pressure under the hallus, lateral toes, and lateral 
forefoot. S2 had the largest peak pressures under the second toe and lateral forefoot, 
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while it had the smallest total peak pressure and the smallest peak pressures under 
the medial forefoot, central forefoot, medial arch, lateral arch and medial heel. S3 
had the largest peak pressures under the hallus and lateral toes, while it had the 
smallest peak pressures under the second toe and lateral heel. 
In general, it could be concluded that during running, S2 had the smallest total 
peak pressure and the smallest peak pressures under the forefoot, arch, and heel. SI 
had the smallest peak pressure under the toe. 
In sideward cutting, results showed that, among the three kinds of soccer shoes, 
SI had the largest total peak pressure and peak pressures under the hallus, medial 
forefoot, medial heel, and lateral heel, while it had the smallest peak pressures under 
the second toe, lateral toes, lateral forefoot, and medial arch. S2 had the largest peak 
pressures under the second toe, lateral toes, and central forefoot, while it had the 
smallest peak pressure under the lateral arch. S3 had the largest peak pressure under 
the lateral forefoot, medial arch, and lateral arch, while it had the smallest total peak 
pressure and the smallest peak pressures under the hallus, medial forefoot, central 
forefoot, medial heel, and lateral heel. 
In general, it could be concluded that during sideward cutting, S3 had the 
smallest total peak pressures and the smallest peak pressure under the toe, forefoot 
and heel. S2 had the smallest peak pressure under the arch. 
In 45-degree cutting, results showed that among the three kinds of soccer shoes, 
S1 had the largest total peak pressures and the largest peak pressures under the 
medial forefoot, medial heel, and lateral heel, while it had the smallest peak 
pressures under the second toe, lateral toes, central forefoot, lateral forefoot, medial 
arch, and lateral arch. S2 had the largest peak pressures under the second toe, lateral 
toes, central forefoot, and medial arch, while it had the smallest total peak pressure 
and the smallest peak pressures under the hallus and medial forefoot. S3 had the 
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largest peak pressures under the hallus and lateral arch, while it had the smallest 
peak pressures under the medial heel and lateral heel. 
In general, it could be concluded that during 45-degree cutting, S2 had the 
smallest total peak pressure and the smallest peak pressure under forefoot. SI had the 
smallest peak pressures under the toe and arch. S3 had the smallest peak pressure 
under the heel. 
In jump landing, results showed that among the three kinds of soccer shoes, SI 
had the largest total peak pressures and the largest peak pressures under the hallus, 
medial forefoot, central forefoot, lateral forefoot, lateral arch, medial heel, and lateral 
heel, while it had the smallest peak pressures under the second toe and lateral toes. 
S2 had the largest peak pressures under the second toe, while it had the smallest total 
peak pressure and the smallest peak pressures under the hallus, lateral forefoot, 
medial arch, lateral arch, and medial heel. S3 had the largest peak pressures under 
the lateral toes and medial arch, while it had the smallest peak pressures under the 
medial forefoot, central forefoot, and lateral heel. 
In general, it could be concluded that during jump landing, S2 had the smallest 
total peak pressure and the smallest peak pressures under the arch and heel. SI had 
the smallest peak pressure under the toe, while S3 had the smallest peak pressure 
under the forefoot. 
It is hypothesized that there is a greater plantar pressure in soccer shoes with a 
smaller stud area and lesser number of studs. Surprisingly, some results of the 
present study oppose the hypothesis. One possible explanation for this is subjects 
adjust their landing movements to avoid expected great impact when wearing soccer 
shoes with less studs and small stud surface area. Previous studies reported that such 
modification of behaviour occurred in terms of kinetics (Robbins, Hanna, & Gouw， 
1988)，kinematics (Dixon et al., 2000; Hardin et al” 2004)，and muscle activity 
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(Wakeling et al., 2002; Wakeling et al, 2001). 
Relationship between Perceived Comfort Rating and Plantar Pressure (Experiment 2) 
All of the plantar pressures did not have high correlation with perceived overall 
comfort (Ql) (Table 9)，and no strong correlation could also be found between 
perceived comfort of forefoot cushioning (Q3) and peak pressure under the forefoot 
(Table 10), and between perceived comfort of pressure under the first metatarsal 
(Q12) and peak pressure under the medial forefoot (Table 11). These results support 
the findings in a previous study by Jordan and Barlett (1994) which reported that the 
differences in perceived comfort ratings of the three kinds of shoes were not related 
to any in-shoe plantar distribution. 
However, consistently negative correlations were observed between perceived 
comfort of heel cushioning (Q2) and peak pressure under the heel (Table 12). These 
correlations were ranged from very low to moderate. The results of the present study 
support those in a previous study by Hodeg et al. (1999), which reported very low 
correlation between walking pain and peak pressure in patients who have rheumatoid 
arthritis. 
Consistenly negative correlations were also observed between perceived 
comfort of arch height and peak pressure under the arch (Table 13)，where the 
correlations ranged from very low to high. This supports the reported moderate 
correlation (r = .66) between perception of plantar pressure and pressure under the 
midfoot (Milani et al , 1997). 
Several reasons may explain why a low correlation between perceived comfort 
rating and plantar pressure was found in the present study. First, perceived comfort is 
not only dependent on current stimulus, foot shape, and shoe characteristics but also 
on past experiences (Miller et al., 2000). However, the past experiences of each 
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subject on using a particular kind of shoe was not recorded in the present study. 
Second, multiple movements in the present study posed a high physical and mental 
demand on the subjects, which may have reduced their perceptual attention. It has 
been shown that there is a reduction of perceived sensation from extremities when 
motor pathways are active and when movements are complex (Dyre-Poulsen, 1978; 
Milani et al., 1997). 
Limitations and Recommendations 
There are some recommendations for perceived comfort measurement in both 
Experiment 1 and Experiment 2. First, the foot sensitivity measurement of specific 
plantar areas and the arch height measurement of each subject may be required to 
gain more information on individual differences in perceived comfort rating. An 
analysis of individual results may reveal important information that may not be 
obtained in group analysis. Second, the Halo effect in which the subjects consistently 
gave a higher or lower rating in all questions for one kind of shoes than the other 
options may have affected the results obtained in the study. Therefore, further study 
is needed to investigate the relationship among the question items. 
For the perceived comfort measurement in Experiment 2，it is recommended 
that the duration of the movements be increased so that the subjects have enough 
time to evaluate the shoes. Moreover, increasing subjects' perception sensitivity with 
movements requiring sub-maximal physical effort as well as simple movements 
preferred over movements requiring maximal physical effort and complex (or a 
combination of) movements is suggested. 
In addition, low correlation was found between perceived comfort rating and 
plantar pressure. It is possible that the past experiences of each subject with a 
particular shoe kind may have affected their perceived comfort rating in the present 
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Study. Therefore, further study is also needed to address this limitation. 
For plantar pressure measurement in Experiment 2，adaptive behaviour may 
have existed in soccer shoes with smaller stud surface area and lesser number of 
studs (S2 in present study) which are expected to have a larger plantar pressure. 
Further study is also needed to investigate methods that can eliminate or reduce the 
effects of this factor. 
A control shoe condition was suggested to be included in perceive comfort 
evaluation by Mundermann et al. (2002) in their study of running shoe. They 
speculated that the reliability of comfort measurement can be improved by adding a 
control shoe to the testing protocol so that all shoes to be assessed are tested after the 
same control shoe. However, the selection criteria of the control shoe are unclear, 
and the present study did not attempt to provide information in this topic. Therefore 
further study is needed to investigate the characteristics of the control shoe. 
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Conclusion 
The perceived comfort ratings (both in Experiment 1 and Experiment 2) in the 
present study showed moderate to high inter-rater consistency. In general, they 
indicated that S3 consisting of 12 newly designed studs was rated as the most 
comfortable, followed by S2 consisting of six circular studs and SI consisting of 12 
circular studs which was rated as the least comfortable. 
The plantar pressures of most of the masked areas were not significantly 
different between dominant foot and nondominant foot. This means that there is 
symmetry in plantar peak pressure in both feet. 
The results of plantar pressure indicated a very high inter-rater consistency. 
Moreover, the three kinds of soccer shoes performed differently in the four 
movements (running, sideward cutting, 45-degree cutting, and jump landing). The 
shoe with the smallest plantar pressure in the four movements under different areas 
(toe, forefoot, arch and heel) was shown in Table 15. 
Table 15 
Summary Table Showing the Shoe with the Smallest Plantar Pressure in Four 
Movements under Different Areas 
Movements Total Toe area Forefoot area Arch area Heel area 
Running S2 SI S2 S2 S2 
Sideward cutting S3 S3 S3 S2 S3 
45-degree cutting S2 SI S2 SI S3 
Jump landing S2 SI S3 S2 S2 
Note. SI, S2, and S3 were the three kinds of soccer shoes, where SI consisted of 12 
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circular studs, S2 consisted of six circular studs, and S3 consisted of 12 newly 
designed studs. 
No relationship was found between perceived comfort ratings and plantar 
pressure in the present study. However, there were consistently negative correlations 
between perceived comfort of heel cushioning and peak pressure under the heel, and 
between perceived comfort of arch height and peak pressure under the arch. 
In conclusion, soccer shoe which consisting of 12 newly designed studs was 
rated as the most comfortable, followed by the shoe which consisting of six circular 
studs. These two stud constructions also had smaller plantar pressure during running, 
sideward cutting, 45-degree cutting and jump landing. On the other hand, soccer 
shoe which consisting of 12 circular studs was rated as the least comfortable and also 
had larger plantar pressure during the four movements. 
80 
References 
Aerts, P., & De Clercq, D. (1993). Deformation characteristics of the heel region of 
the shod foot during a simulated heel strike: The effect of varying midsole 
hardness. Journal of Sport Sciences, 11’ 449-461. 
Aragon-Vargas, L. F.，& Gross，M. M. (1997). Kinesiological factors in vertical jump 
performance: Differences within individuals. Journal of Applied 
Biomechanics, J3’ 45-65. 
Asai, T.，Igarashi, A., & Murakami, O. (2002). Foot loading analysis of primary 
movements in football. In S. Ujihashi & S. J. Haake (Eds.), The engineering 
of sport (pp. 602-608). Oxford, UK: Blackwell Publishing Company. 
Barry, E. B., & Milbum，P. D. (2002). The traction of football boots. In W. Spinks, T. 
Reilly & A. Murphy (Eds.), Science and football iv (pp. 3-7). London, UK: 
Routledge. 
Bland, J. M., & Altman，D. G (1995). Multiple significance tests: The bonferroni 
method. BMJ’ 310, 170. 
Bobbert, M. R, Yeadon, M. R.，& Nigg，B. M. (1992). Mechanical analysis of the 
landing phase in heel-toe running. Journal of Biomechanics, 25(3), 223-234. 
Bolanowski, S. J., & Gescheider，G. A. (1991). Ratio scaling of psychological 
magnitude. NJ: Lawrence Erlbaum Associates. 
Borg，G. (1962). Physical performance and perceived exertion. Sweden: Gleerup. 
Borg, G (1970). Perceived exertion as an indicator of somatic stress. Scandinavian 
Journal of Rehabilitation Medincine, 2, 92-98. 
Borg, G. (1973). Perceived exertion. A note on history and methods. Medicine and 
Science in Sports, 5, 90-93. 
Borg, G (1982). Psychophysical basis of perceived exertion. Medicine and Science 
in Sports and Exercise, 14, 371-381. 
Cavanagh, P. R.’ & Lafortune，M. A. (1980). Ground reaction forces in distance 
81 
running. Journal of Biomechanics, 13, 397-406. 
Chen, H.，Nigg, B. M.，& de Koning, J. (1994). Relationship between plantar 
pressure distribution under the foot and insole comfort. Clinical 
Biomechanics, 9, 335-341. 
Chen, H.’ Nigg, B. M.’ Hulliger, M.，& de Koning, J. (1995). Influence of sensory 
input on plantar pressure distribution. Clinical Biomechanics, 10, 271-274. 
Dixon, S. J., Collop, A. C.，& Batt, M. E. (2000). Surface effects on ground reactino 
forces and lower extremity kinematics in running. Medicine and Science in 
Sports and Exercise, 32(11), 1919-1926. 
Dyre-Poulsen, P. (1978). Perception of tactile stimuli before ballistic and during 
tracking movements. In G Gordon (Ed.), Active touch. Oxford, UK: 
Pergamon Press. 
Ekstrand, J., & Gillquist，J. (1983a). The avoidability of soccer injuries. 
International Journal of Sports Medicine, 4’ 124-128. 
Ekstrand, J., & Gillquist，J. (1983b). Soccer injuries and their mechanisms: A 
prospective study. Medicine and Science in Sports and Exercise, 18{3), 
267-270. 
Ekstrand, J., & Nigg，B. M. (1989). Surface-related injuries in soccer. Sports 
Medicine, 5(1), 56-62. 
Elias, S. R. (2001). 10-year trend in USA cup soccer injuries: 1988-1997. Medicine 
and Science in Sports and Exercise, 33(3), 359-367. 
Elis, E.，Streyl, M.，Linnenbecker, S., Thorwesten, L.，Volker, K.，& Rosenbaum，D. 
(2004). Characteristic plantar pressure distribution patterns during 
soccer-specific movements. American Journal of Sports Medicine, 52(1), 
140-145. 
Engstrom, B.’ Johansson, C.，& Tomkvist, H. (1991). Soccer injuries among elite 
female players. American Journal of Sports Medicine., 7P(4), 372-375. 
82 
Fifa recommended installation. (2003). Retrieved 1 Nov, 2003，from 
http://www.riFa.com/en/development/qiialitY/instalations.htiTil 
Football worldwide 2000: Official fifa survey. (2002). Retrieved 7 Nov, 2003， 
from http://iinages.fifa.com/big count/BigCoiint Plavers.pdf 
Giza, E.，Fuller, C.，Junge, A., & Dvorak, J. (2003). Mechanisms of foot and ankle 
injuries in soccer. Am J Sports Med, 57(4), 550-554. 
Gross, T. S.，& Bunch, R. P. (1987). Measurement of discrete vertical in-shoe stress 
with piezoelectric transducers. Journal of Biomechanical Engineering, 10, 
261-265. 
Gross, T. S., & Bunch，R. P. (1989). Discrete normal plantar stress variations with 
running speed. Journal of Biomechanics, 22(6), 699-703. 
Hamill, J., Bates, B. T., & Knutzen, K. M. (1984). Ground reaction force symmetry 
during walking and running. Research Quarterly, 55(3), 289-293. 
Hardin, E. C.，Van Den Bogert, A. J.，& Hamill，J. (2004). Kinematic adaptations 
during running: Effects of footwear, surface, and duration. Medicine and 
Science in Sports and Exercise, 36(5), 838-844. 
Hawkins, R. D.，& Fuller, C. W. (1998). An examination of the frequency and 
severity of injuries and incidents at three levels of professional football. 
British Journal of Sports Medicine, 32, 326-332. 
Hawkins, R. D.，& Fuller, C. W. (1999). A prospective epidemiological study of 
injuries in four english professional football clubs. British Journal of Sports 
Medicine, 33, 196-203. 
Hawkins, R. D.，Hulse, M. A., Wilkinson, C.，Hodson, A., & Gibson, M. (2001). The 
association football medical research programme: An audit of injuries in 
professional football. British Journal of Sports Medicine, 35, 43-47. 
Heidt, R. S. J., Dormer, S. G, Cawley, P. W.，Scranton, P. E. J., Losse, G, & Howard， 
M. (1996). Differences in friction and torsional resistance in athletic shoe-turf 
surface interfaces. The American Journal of Sports Medicine, 24(6), 834-842. 
83 
Hennig, E. M., Cavanagh, P. R.，Albert, H. T.，& Macmillan，N. H. (1982). A 
piezoelectric method of measuring the vertical contact stress beneath the 
human foot. Journal of Biomedical Engineering, 4, 213-222. 
Hennig, E. M.，& Milani，T. L. (1995). In-shoe pressure distribution for running in 
various types of footwear. International Journal of Sports Biomechanics, 11, 
299-310. 
Hennig, E. M.，Valiant, G. A., & Liu, Q. (1996). Biomechanical variables and the 
perception of cushioning for running in various types of footwear. Journal of 
Applied Biomechanics, 12, 143-150. 
Hodge, M. C.’ Bach, T. M.，& Carter，G M. (1999). Orthotic management of plantar 
pressure and pain in rheumatoid arthritis. Clinical Biomechanics, 14, 
567-575. 
Johnson, G R.，Dowson, D.，& Wright, V. (1976). A biomechanical approach to the 
design of football boots. Journal of Biomechanics, 9, 581-585. 
Jordan, C.，& Barlett, R. (1994). The relationship between plantar and dorsal 
pressure distribution and perception of comfort in causal footwear. Paper 
presented at the IV Emed Foot Pressure Conference, Germany. 
Joyce, C. R. B.’ Zutshi, D. W.，Hrubes, V.，& Mason，R. M. (1975). Comparison of 
fixed interval and visual analogue scales for rating chronic pain. European 
Journal of Clinical Pharmacology, 8, 415-420. 
Kakavelakis, K. N.，Vlazakis, S.，Vlahakis, L, & Charissis，G (2003). Soccer injuries 
in childhood. Scand J Med Sci Sports, 13{3\ 175-178. 
Keller, C. S.，Noyes, F. R.，& Buncher’ C. R. (1987). The medical aspects of soccer 
injury epidemiology. The American Journal of Sports Medicine, 15(3), 
230-237. 
Kemozek, T. W.，LaMott, E. E.，& Dancisak，M. J. (1996). Reliability of an in-shoe 
pressure measurement system during treadmill walking. Foot and Ankle, 17, 
204-209. 
84 
Kemozek, T. W., & Zimmer，K. A. (2000). Reliability and running speed effects of 
in-shoe loading measurements during slow treadmill running. Foot and Ankle, 
21’ 749-752. 
Kibler, W. B. (1993). Injuries in adolescent and preadolescent soccer players. 
Medicine & Science in Sports & Exercise, 25(12)，1330-1332. 
Lake, M. J., & Lafortune, M. A. (1998). Mechanical inputs related to perception of 
lower extremity impact loading severity. Medicine and Science in Sports and 
Exercise, 30{\), 136-143. 
Lees, A., & Kewley, P. (1993). The demands on the soccer boot. In T. Reilly, J. 
Clarys & A. Stibbe (Eds.), Science and football ii (pp. 335-340). London, UK: 
E & FN Spon. 
Lees, A., & Nolan, L. (1998). The biomechanics of soccer: A review. Journal of 
Sports Sciences, 16, 211-234. 
Levine, J. D.’ Gordon, N. C., & Field, H. L. (1982). Naloxone fails to antagonize 
nitrous oxide analgesia for clinical pain. Pain, 13, 165-170. 
Light, L. H., McLellan, G E.，& Klenerman，L. (1980). Skeletal transients on heel 
strike in normal walking with different footwear. Journal of Biomechanics, 
13, 477-480. 
Lindenfeld, T. N.，& Schmitt，D. J. (1994). Incidence of injury in indoor soccer. 
American Journal of Sports Medicine, 22(3), 364-371. 
Luthje, R, Nurmi, I.，Kataja, M.，Belt, E.，Helenius, P., Kaukonen, J. P., et al. (1996). 
Epidemiology and traumatology of injuries in elite soccer: A prospective 
study in flnland. Scandinavian Journal of Medicine & Science in Sports, 5(3), 
180-185. 
McHardy, A.，& Pollard, H. (2001). Injury associated with soccer: A review of 
epidemiology and etiology. Journal of Sports Chiropractic and 
Rehabilitation, 75(1), 34-43. 
McKeag, D. B.，& Hough，D. O. (1993). Primary care sports medicine. USA: Brown 
85 
& Benchmark. 
Men's, women's soccer differ in injury-rate patterns. (1994，16 Feb). The NCAA 
News, 31, 8. 
Milani, T. L.，Hennig, E. M., & Lafortune, M. A. (1997). Perceptual and 
biomechanical variables for running in identical shoe constructions with 
varying midsole hardness. Clinical Biomechanics, 72(5), 294-300. 
Milani, T. L.，Schnabel, G, & Hennig, E. M. (1995). Rearfoot motion and pressure 
distribution patterns during running in shoes with varus and valgus wedges. 
Journal of Applied Biomechanics, 11’ 177-187. 
Miller, J. E.，Nigg, B. M.，Liu, W.，Stefanyshyn, D. J.，& Nurse, M. A. (2000). 
Influence of foot, leg and shoe characteristics on subjective comfort. Foot 
and Ankle Inteniational, 27(9), 759-767. 
Morgan, B. E.，& Oberlander，M. A. (2001). An examination of injuries in major 
league soccer. The inaugural season. American Journal of Sports Medicine, 
29(4), 426-430. 
Mundermann, A., Nigg, B. M.，Stefanyshyn, D. J.，& Humble，R. N. (2002). 
Development of a reliable method to assess footwear comfort during running. 
Gait & Posture, 7(5(1), 38-45. 
Mundermann, A.，Stefanyshyn, D. J., & Nigg，B. M. (2001). Relationship between 
footwear comfort of shoe inserts and anthropometric and sensory factors. 
Medicine & Science in Sports & Exercise, 35(11), 1939-1945. 
Munro, C. F.，Miller, D. I., & Fuglevand，A. J. (1987). Ground reaction forces in 
running: A reexamination. Journal of Biomechanics, 20(2), 147-155. 
Nielsen, A. B.，& Yde, J. (1989). Epidemiology and traumatology of injuries in 
soccer. American Journal of Sports Medicine, 17(6), 803-807. 
Nigg, B. M. (1990). The validity and relevance of tests used for the assessment of 
sports surfaces. Medicine and Science in Sports and Exercise, 22(1), 
131-139. 
86 
Nigg, B. M.，& Segesser, B. (1988). The influence of playing surfaces on the load on 
the locomotor system and on football and tennis injuries. Sports Medicine, 5, 
375-385. 
Nigg, B. M.，& Yeadon, M. R. (1987). Biomechanical aspects of playing surfaces. 
Journal of Sports Sciences, 5, 117-145. 
Nilsson, J.’ & Thorstensson，A. (1989). Ground reaction forces at different speeds of 
human walking and running. Acta Physiologica Scandinavica., 136, 217-227. 
Noble, B. J. (1982). Clinical applications of perceived exertion. Medicine and 
Science in Sports and Exercise, 14, 406-411. 
Nurse, M. A., & Nigg, B. M. (2001). The effect of changes in foot sensation on 
plantar pressure and muscle activity. Clinical Biomechanics, 7(5(9), 719-727. 
Ohnhaus, E.，& Adlev，R. (1975). Methodological problems in the measurement of 
pain: A comparison between the verbal rating scale and the visual analogue 
scale. Pain, 1’ 379-384. 
Price, D. D., McGrath, P. A., Rafii, A., & Buckingham，B. (1983). The validation of 
visual analogue scales as ratio scale measures for chronic and experimental 
pain. Pain, 17�45-56. 
Pritchett, J. W. (1981). Cost of high school soccer injuries. American Journal of 
Sports Medicine,, 9(1)，64-66. 
Rahnama, N., Reilly, T.，& Lees，A. (2002). Injury risk associated with playing 
actions during competitive soccer. British Journal of Sports Medicine, 36, 
354-359. 
Revill, S. 1” Robinson, J. O.，Rosen, M.，& Hogg, M. I. J. (1976). The reliability of a 
linear analogue for evaluating pain. Anaesthesia, 3J’ 1191-1198. 
Robbins, S. E.’ & Gouw’ G J. (1991). Athletic footwear: Unsafe due to perceptual 
illusions. Medicine and Science in Sports and Exercise, 23(2), 217-224. 
Robbins, S. E., Hanna, A. M., & Gouw，G J. (1988). Overload protection: Avoidance 
87 
response to heavy plantar surface loading. Medicine and Science in Sports 
and Exercise, 20{\\ 85-92. 
Robbins, S. E.，Hanna, A. M.，& Jones，L. A. (1988). Sensory attenuation induced by 
modem athletic footwear. Journal of Testing and Evaluation, 16, 412-416. 
Robertson, R. J., Gillespie, R. L.，Hiatt, E.，& Rose, K. D. (1979). Differentiated 
perceptions of exertion: Part i. Mode of integration of regional signals. 
Perceptual and Motor Skills, 49, 683-689. 
Robertson, R. J., Gillespie, R. L.’ McCarthy, J., & Rose，K. D. (1979). Differentiated 
perceptions of exertion: Part ii. Relationship to local and central 
physiological responses, perceptual and motor skills. Perceptual and Motor 
Skills, 49’ 691-697. 
Schmidt-Olsen, S., Bunemann, L. K.，Lade, V.，& Brassoe，J. O. (1985a). Soccer 
injuries of youth. British Journal of Sports Medicine., 79(3), 161-164. 
Schmidt-Olsen, S.，Bunemann, L. K. H.’ Lade, V.，& Brassoe，J. O. K. (1985b). 
Soccer injuries of youth. British Journal of Sports Medicine, J 9(3), 161-164. 
Scott, J., & Huskisson，E. C. (1976). Graphic representation of pain. Pain, 2, 
175-184. 
Shrout, P. E., & Fleiss，J. L. (1979). Intraclass correlation: Uses in assessing rater 
reliability. Psychological Bulletin, 2, 420-428. 
Smith, N•，Dyson, R.，& Hale，T. (2002). The effects of sole configuration on ground 
reaction force measured on natural turf during soccer specific actions. In W. 
Spinks, T. Reilly & A. Murphy (Eds.), Science and football iv (pp. 44-49). 
London, UK: Routledge. 
Soccer injury rates continue five-year climb. (1993, 3 Feb). The NCAA News, 30, 5. 
Soderman, K., Adolphson, J., Lorentzon, R.，& Alfredson，H. (2001). Injuries in 
adolescent female players in european football: A prospective study over one 
outdoor soccer season. Sccmd J Med Sci Sports, 77(5), 299-304. 
88 
Stacoff, A., Denoth, J.，Kaelin, X.，& Stuessi，E. (1988). Running injuries and shoe 
construction: Some possible relationships. International Journal of Sports 
Biomechanics, 4, 342-357. 
Stevens, S. S. (1975). Psychophysics. New York: Wiley. 
Sullivan, J. A., Gross, R. H.’ Grana, W. A., & Garcia-Moral，C. A. (1980). Evaluation 
of injuries in youth soccer. American Journal of Sports Medicine, (5(5), 
325-327. 
Torg, J. S.，& Quedenfeld, T. (1974). Effect of shoe type and cleat length on 
incidence and severity of knee injuries among high school football players. 
Research Quarterly, 42{2\ 203-211. 
Torg, J. S.，Quedenfeld, T. C.’ & Landau，S. (1974). The shoe-surface interface and 
its relationship to football knee injuries. Journal of Sport Medicine, 2(5), 
261-269. 
University of New England. (2000). One-way anova: Bonferroni adjustment. 
Retrieved 31 May, 2005, from 
http://www.iine.edu.au/WebStat/unit inaterials/c7 anova/onewav bonferroni 
adiust.htm 
Valiant, G. A. (1987). Ground reaction forces developed of artificial turf. In T. Reilly, 
A. Lees, K. Davids & W. J. Murphy (Eds.), Science and football (pp. 
406-415). Liverpool, UK: E. & F. N. Spon. 
VanZant, R. S.，McPoil, T. G, & Cornwall，M. W. (2001). Symmetry of plantar 
pressures and vertical forces in healthy subjects during walking. Journal of 
the American Podiatric Medical Association, 97(7), 337-342. 
Wakeling, J. M.’ Pascual, S. A., & Nigg, B. M. (2002). Altering muscle activity in 
the lower extremities by running with different shoes. Medicine & Science in 
Sports & Exercise, 34(9), 1529-1532. 
Wakeling, J. M.，Von Tschamer, V., Nigg, B. M.，& Stergiou，P. (2001). Muscle 
activity in the leg is tuned in response to ground reaction forces. Journal of 
Applied Physiology, 91, 1307-1317. 
89 
Weightman, D. L.，& Browne，R. C. (1975). Injuries in eleven selected sports. 
Journal of Sports Medicine, 9(3), 136-141. 
Whittle, M. W.，Orofino, T. A.，& Miller，K. (1992). Relationship between 
mechanical properties of carpet and comfort in walking. Paper presented at 
the 2nd National American Congress on Biomechanics, Chicago. 
Windle, C. M.，Gregory, S. M., & Dixon，S. J. (1999). The shock attenuation 
characteristics of four different insoles when worn in a military boot during 
running and marching. Gait and Posture, 9，31-37. 
Woodforde, J. M., & Merskey, H. (1971). Correlation between verbal scale and 
visual analogue scale and pressure algometer. Journal of Psychosomatic 
Research, 16�173-178. 
Yamanaka, K., Nishikawa, T.，Yamanaka, T.，& Hughes，M. D. (2002). An analysis 
of the playing patterns of the japan national team in the 1998 world cup for 
soccer. In W. Spinks, T. Reilly & A. Murphy (Eds.), Science and football iv 
(pp. 101-105). London, UK: Routledge. 
Yde, J., & Nielsen，A. B. (1990). Sports injuries in adolescents' ball games: Soccer, 
handball and basketball. British Journal of Sports Medicine, 24{\), 51-54. 
90 
Appendix I 




































扮陽樓體育館1 0 1室 
研究題目： 足球鞋舒適度測試 
研究者： 王培林先生 日期： 

















am Wm “ 
92 
Appendix C 



































扮陽樓體育館1 0 1室 
研究題目： 足球鞋壓力及舒適度測試 
研究者： 王培林先生 日期： 


















Perceived Comfort Questionnaire 
g 球徘诚程赔問荐 
numt： 姓 s: 日期: 
Forward run time: s Backward am time: s Cutting time: s 
1. Overall comfort Not VVry jxvi Pooi Oencul (JuoJ Very gcvxl Mt^i 
i:oi\)i\tiMr. c��mfomWf i* ^ ^ coiKlition iDlSHUlvk 
2. Heel cushioninfi (position 1,2) Ncit Very poor Poor Gcmil Good Very gxv.xl Mwi 
a'nif^ rt.iHt： conifcftabh' 
fat ._J1 Cv>tKl)hon 
iniitsin 北 It； 
(Onim) • 參 峰 } 
3. Forefoot cushioning (position 5, 6,7) Not Vny pcv i Poor Gaieul (kickI Vay gixxl Mtxs： conificuHe coiU'oitablo id Al <;oiditk>n 
una^tiuihle^  
4. Medio-latcral control 
Nirf Va>' ixvi (JeiWMvJ Good Va-y ge-xl Mo^i 
cojiifttuNc comfoftrtbic 
Lt coiKliion 
5. Arch hcifiht 
N«H V>ry poor Pix)r Ciwwai QooS \'ny Mosi cu:nl_ixuhU� comlbruble “t iJ 丨 coiditwi 
iiuigjiuhk.' 
6. Heel cup fit N�X Very ixvr Pwjt (kiurrAl Good Vei-y gisxl Most co:nl(*taN<» tXMuforUblt: hi all coi^JUJui imjgiuibk-
7. Shoe heel widlh 
Nijt Very ptvr Pixjr Gnurid Goal Veiy gv>t>J Vkvi 
iniagitwbic 
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8. Shoe forefoot width 
Nlh Ver>' Ptor Poor (iencd Good Verv 以wl hW. comfuiUiWo coinfciv-ble 
COlKlHlOn 
9. Shoe length NiH Vifty ix)or F\xh (.iwwnd Good Very goAl Mosi conifortiW：: a»mt\HUbIr 
ill condition 
una^iiiablc 
( O i u m ) I•推•场•争•峰•___蝉粉》»»•一••雏•啡•瓣拳_*«»争《»绝<»»««|»••峰«••«•!»•»»•«»»•«••»«••»«»»»•••»<• •»«»«4啡《»峰~»等《»»«»»»參•峰•傘»«•»»•»*•«• I ( J s Q j ^ ^ i ^ ^ ) 
10. Studs position 
Not Vr>' poi>r Poor Gcm A Gotxl Very g(xxl Nkvst 
aciifixuNo ctiinfojii-hlc 
ui iin coruiito 
ifniiginaWr： 
(OmiTi) I - — I( 150inm) 
11. Pressure under great toe (position 8) 
NVk Vfi> peor Kx.tr Gciwrdl Ciood Very g.CKxl Mosi 
cunifufTjhle comteiWe 
£it amdiiKui 
mui 别 ul�lt: 
(0mm) I - - IdSOnMii) 
12. Pressure under first metatarsal (position 5) Nut Veiy tKor Pout CJenei.U Good Very gcvxi Mosi cu:nlorubk� coinforti 灿， hi all anidition 
tmii^.iiublc 
(()门、m) | < » 一 - • 一 一 • • 一 拳 • • 華 一 • 譽 • 一 •-一•••》*»»»»»»1»«一申1» •一一 攀 
13. Shoe weight 
Nt>l Verypcvr Pixm CJpiiend (;ood Veiy gixxt Mtwi comluuhic comfonablr； kt rfll conJitwn iniigiiahic： 
(Omnij I - - — - K 150mm) 
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Appendix F 
Time of Movements in Experiment 1 
Time of Forward Running, Backward Running, and Ziazag Running in Experiment 1 
Subject Forward running Backward running Zigzag running 
Mean SD Mean SD Mean SD 
1 190.35 8.51 296.15 8.11 45.40 2.10 
2 172.98 24.32 279.84 17.43 42.76 4.86 
3 153.37 12.42 218.80 11.91 38.93 1.40 
4 179.60 23.15 260.24 24.39 35.77 1.35 
5 160.20 22.45 287.93 24.20 42.75 5.32 
6 196.96 10.58 244.84 15.91 48.24 1.69 
7 177.35 9.64 253.13 11.22 41.78 1.19 
8 189.73 9.58 249.90 16.61 49.58 2.10 
9 158.24 16.32 242.65 12.51 39.94 2.48 
10 202.11 9.24 312.12 11.03 46.16 1.83 
11 185.05 11.09 223.31 11.06 50.17 0.96 
12 182.15 4.57 243.83 11.44 45.15 1.26 
13 170.25 12.88 262.19 20.88 42.30 2.42 
14 180.63 6.04 254.47 10.01 45.13 1.05 
15 170.00 22.78 233.41 13.37 40.79 4.38 
16 203.51 20.15 266.82 18.79 50.14 2.84 
17 190.04 11.40 270.60 18.37 43.59 2.40 
18 203.56 7.53 265.17 17.17 46.84 1.86 
Total 181.45 20.36 259.19 28.02 44.19 4.61 
Note. Time is measured in terms of second(s). Trials wearing the control shoes (Sc) 
and testing shoes (SI, S2, S3) were included. 
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Appendix G 
Running Speed in Experiment 2 
Running Speed of 15 Subjects in Experiment 2 
Subject Running speed (m/s) 
Mean SD 
1 3.32 0.11 
2 3.28 0.12 
3 3.34 0.11 
4 3.34 0.11 
5 3.32 0.11 
6 3.31 0.1 
7 3.33 0.11 
8 3.35 0.11 
9 3.35 0.1 
10 3.33 0.1 
11 3.34 0.11 
12 3.3 0.09 
13 3.3 0.11 
14 3.28 0.1 
15 3.34 0.11 
All 3.32 0.11 
Note. Control shoe (Sc) and testing shoes (SI, S2, S3) were both included. 
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Appendix I 
Comparison of Peak Pressure between Dominant and Nondominant Feet 
Table HI 
Paired t-test (N = 15) for Peak Pressure (kPa) between Dominant and Nondominant 
Feet in Running 
Peak pressure Mean difference between dominant and nondominant feet 
SI S2 S3 
Total -41.12 -12.20 -24.74 
Hallus -76.54* -33.69 -44.70* 
Second toe -14.53 -6.37 -1.93 
Lateral toes -10.51 0.30 -8.98 
Medial forefoot -17.87 -6.28 -24.79 
Central forefoot -0.97 2.86 -10.02 
Lateral forefoot 9.50 16.15 4.50 
Medial arch 4.31 -3.11 -6.40 
Lateral arch 8.45 -0.07 2.56 
Medial heel 14.95 16.15 1.07 





Paired t-test (N = 15) for Peak Pressure (kPa) between Dominant and Nondominant 
Feet in Sideward Cutting 
Peak pressure Mean difference between dominant and nondominant feet 
SI S2 S3 
Total -15.81 15.13 -11.89 
Hallus -46.43* -35.27* -8.12 
Second toe 4.67 -9.06 15.66 
Lateral toes 8.57 7.43 22.13 
Medial forefoot -12.33 21.53 1.80 
Central forefoot -1.20 -24.46 4.89 
Lateral forefoot 7.96 19.58* 4.89 
Medial arch -19.44 -18.91 -17.28 
Lateral arch 10.61 -7.85 -0.40 
Medial heel 12.71 -3.42 1.50 




Paired t-test (N = 15) for Peak Pressure (kPa) between Dominant and Nondominant 
Feet in 45-Degree Cutting 
Peak pressure Mean difference between dominant and nondominant feet 
SI S2 S3 
Total -16.06 -13.98 -16.33 
Hallus -23.69 -31.85 -30.00 
Second toe -18.61 -51.41* -16.43 
Lateral toes 1.46 -13.82 -3.79 
Medial forefoot -21.72 -9.35 -11.68 
Central forefoot 0.50 -23.16 -17.65 
Lateral forefoot 2.44 3.42 -2.79 
Medial arch -13.22 -27.21 -24.01 
Lateral arch 3.53 -5.20 3.24 
Medial heel -14.14 -18.40 -18.65 





Paired t-test (N = 15) for Peak Pressure (kPa) between Dominant Feet and 
Nondomitmnt Feet iti Jump Landing 
Peak pressure Mean difference between dominant and nondominant feet 
SI S2 S3 
Total -13.15 -11.04 -26.08* 
Hallus -14.49 -22.13 -31.83* 
• . 
Second toe -9.63 -6.01 7.59 
Lateral toes -10.41 -1.25 -14.56 i 
I 
Medial forefoot -28.36 -5.37 -20.66 ‘ 
Central forefoot -22.22* -14.70* -1.72 1 
Lateral forefoot -5.26 8.94 7.35 
Medial arch -3.07 -6.18 -18.92 
1 
Lateral arch 3.38 1.22 6.58 
Medial heel 0.32 9.48 -14.92 j 





Comparison of Peak Pressure among the Three Kinds of Soccer Shoes 
Table II 
One-way ANOVA (N = 15) of Peak Pressure (kPa) of SI, S2, and S3 in Running 
Peak pressure SI S2 S3 F 
Mean SD Mean SD Mean SD 
Total 450.88 91.53 404.61 60.13 411.18 70.25 3.221 
Hallus 361.94 121.15 370.92 65.82 382.11 75.24 .357 
Second toe 142.89 32.72 148.71 24.84 141.97 29.15 .954 
Lateral toes 135.21 46.87 156.68 42.38 157.44 47.59 10.612* 
Medial forefoot 362.51 126.35 313.28 89.75 322.22 94.75 7.526* 
Central forefoot 325.59 44.66 242.94 39.55 252.27 46.51 70.181* 
Lateral forefoot 187.58 44.05 205.26 49.13 193.57 50.85 5.610* 
Medial arch 105.46 23.00 87.71 19.10 103.10 22.13 19.515* 
Lateral arch 121.58 22.77 105.89 21.27 108.44 18.38 14.313* 
Medial heel 238.06 57.97 197.00 45.65 218.38 58.73 16.443* 




One-way ANOVA (N = 15) of Peak Pressure (kPa) of SI, S2, and S3 in Sideward 
Cutting 
Peak pressure SI S2 S3 F 
Mean SD Mean SD Mean SD 
Total 514.23 61.39 489.38 65.89 468.04 72.75 7.272* 
Hallus 404.43 93.18 381.39 85.97 371.70 87.19 2.080 
Second toe 218.60 80.60 285.52 70.13 240.89 88.92 7.116* 
Lateral toes 145.08 44.98 175.07 65.48 147.73 50.81 5.031* 
Medial forefoot 485.86 88.82 457.05 85.31 420.09 92.67 10.377* 
Central forefoot 321.83 105.06 347.59 104.68 320.96 111.96 1.542 
Lateral forefoot 86.77 23.29 92.65 25.61 115.33 26.70 17.569* 
Medial arch 174.80 92.98 183.22 62.94 219.02 97.88 6.043* 
Lateral arch 83.30 18.03 77.41 19.72 85.53 25.05 1.197 
Medial heel 333.49 76.46 289.27 95.21 275.64 96.95 4.399* 
Lateral heel 289.83 83.67 250.14 78.71 226.97 72.48 9.555* 
* p < . 0 5 . 
104 
Table H3 
One-way ANOVA (N = 15) for Peak Pressure (kPa) of SI, S2, and S3 in 45-Degree 
Cutting 
Peak pressure SI S2 S3 F 
Mean SD Mean SD Mean SD 
Total 556.02 58.53 517.25 51.39 526.88 66.20 5.341* 
Hallus 459.48 79.49 418.47 87.91 462.54 78.40 2.703 
Second toe 294.22 118.31 383.21 66.54 330.90 89.69 15.762* 
Lateral toes 176.51 48.93 219.83 63.31 198.47 48.87 9.761* 
Medial forefoot 530.55 80.46 471.89 59.70 473.82 91.48 11.963* 
Central forefoot 356.08 102.51 357.98 102.88 355.85 126.98 .009 
Lateral forefoot 88.27 29.28 101.13 26.92 116.05 22.23 10.010* 
Medial arch 122.28 71.26 170.81 75.19 166.59 79.64 22.659* 
Lateral arch 71.48 24.46 72.16 22.00 79.33 23.40 3.847* 
Medial heel 424.36 82.05 388.39 95.40 387.01 83.32 3.343* 




One-way ANOVA (N = 15) for Peak Pressure (kPa) of SI, S2, and S3 in Jump 
Landing 
Peak pressure SI S2 S3 F 
Mean SD Mean SD Mean SD 
Total 394.89 74.68 353.25 57.36 352.38 54.83 3.683* 
Hallus 342.60 81.38 329.21 58.35 330.02 65.57 .360 
Second toe 120.00 37.59 144.78 32.88 135.17 33.37 4.391* 
Lateral toes 118.72 49.34 125.66 46.20 140.43 59.20 5.036* 
Medial forefoot 321.83 93.96 251.00 74.47 240.83 68.35 23.605* 
Central forefoot 225.54 37.43 184.11 38.83 172.47 34.01 26.743* 
Lateral forefoot 155.16 37.90 148.02 21.47 152.75 27.85 .668 
Medial arch 101.65 30.39 92.44 26.25 121.61 53.93 6.088* 
Lateral arch 111.41 32.07 91.39 31.75 109.43 44.10 6.757* 
Medial heel 181.85 96.89 148.40 53.83 180.67 82.10 2.351 
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Soccer injury in the lower extremities 
P Wong, Y Hong 
Br J Sports Med 2005;39:473-482. doi: 10.1136/bjsm.2004.015511 
I n f o r m a t i o n a b o u t s o c c e r i n j u r i e s is r e q u i r e d t o d e v e l o p exuemities include hip, groin, upper leg, knee, 
p r e v e n t i o n a n d r e h a b i l i t a t i o n p r o g r a m m e s . M o s t s o c c e r 【。而 leg, ankle, and foot. 
i n j u r i e s o c c u r in t h e l o w e r e x t r e m i t i e s . Th is t y p e o f i n j u r y is LITERATURE SEARCH 
r e v i e w e d h e r e . D e f i n i t i o n s o f i n j u r y , i n j u r y r a t e , i n j u r y A literature search was conducted of the electro-
p e r c e n t a q e , m e c h a n i s m o f i n j u r y , a n a t o m i c a l r e g i o n o f ，d i i n e database (the period from i 9 6 6 lo r , ^ r . . � • �L C . . the 3rd week ol February 2004) and SpoitDiscus 
i n | u r y , type of- i n | u r v , a n d severity ot" injury are (1975 to August 2 0 0 4 ) . "Soccer injury" and 
s u m m a r i s e d . In e a c h s e c t i o n , a d e s c r i p t i o n a n d s u m m a r y o f "soccer injuries" were used in the title search. 
t h e d a t a a r e p r o v i d e d . F i n a l l y , t h e l i m i t a t i o n s o f t he s tud ies 八 search was also conducted to identify 
I . � • （L . !•. 丄. C articles not captured in the above searches. Fifty 
a n d s u g g e s t i o n s to i m p r o v e the invest igat ion oh s o c c e r five articles resulted from Medline, 127 from 
in jur ies a r e p r o v i d e d . SportDiscus, and eight from the hand search. A 
total of 132 articles were selected after manua l 
filtration to eliminate duplicate copies and non-
English articles. Only the 37 articles thai Soccer is one of the most popular sports provided data about soccer injuries lo the lower 
throughout the world, wi th more than 240 extremities were finally selected (table 1). 
million players in 2000.' ‘ It is an inter- The following sections will discuss the defini-
in iue iu sporl thai uses walking, jogging, run- lion of injury, injury rate, injury percentage, 
aiiig, and sprinting. It involves two learns of 11 mechanism of injury, anatomical region of 
players who at tempt to propel the ball through a injury, type of injury, severity of injury, limit a-
sel of goals, while preventing ihe other learn tions of previous studies, and finally some 
from doing ihe same. The game consists of two suggestions for future research. 
45 minute halves, with a 15 minute rest between 
halves. DEFINITION OF INJURY 
Previous studies have shown thai soccer has a of the 37 articles sclcctcd for this review, three 
high injury rate and injury percentage. ' ' More were nol included in this section because they 
injuries have been found in soccer than field did not provide sufficient information about ihe 
hockey, volleyball,' handball , basketball ," rugby, definition of a reportable injury. In the 34 
cricket, badminton, fencing, cycling, judo, box- selected studies, different definitions of injury 
ing, subaqua, and swimming ." Mosi soccer were used in different studies. One defined 
injuries occur to the lower exlremities, especially injury as any condition that caused a player to 
the ankle.，‘ “‘ “ “ “ be removed f rom a game, miss a game, or to be 
It has been reported thai socccr injuries result disabled enough to come to the medical lent ." 
in decreased physical activity and work time lost, Another defined injury as one rccoivcd during 
in addit ion to substantial medical costs." training or competition which prevented the 
Eleven review papers lhat discuss different injured player f rom participating in normal 
aspccts of soccer injuries have been published, training or compelilion for more than 48 hours. 
These papers included risk factors, ' “ preven- not including the day of the injury." Ten studies 
live s trategies, '" management , - ' incidence counted injuries occurring in competition only, 
and severity," as well as evaluation and treat- whereas 21 counted both competition and 
m e m of injur ies ." One of these papers provided a training injuries. As shown in table 2, 18 articles 
specific review of soccer injuries to the head and fur ther classified injuries into subcategories, but 
neck ." As ment ioned, previous studies reported wi th different classifications. Besides different 
See end of article for tha i most soccer injuries were located in the definitions of injury, different methods were 
authors' affiliations lower extremities. ' “ “ However, no reviews used lo collect ihe data. Eighteen studies used a 
of soccer injuries of this type have been questionnaire or form to record injury data, three 
Gorres ndence to" published. This gap needs to be filled to provide used video records, 21 required a doctor or 
M T p d ^ m Wong, Human informat ion for injury prevention and rehabilita- physiotherapist to examine the injury, and three 
Movement Laboratory, tion programmes. Therefore the purpose of this studies required the authors to chcck and 
Department of Sports paper is to review articles on socccr injuries to confirm that it should be classified as an injury, 
E d ^ c a H o r i h e t S e s e the lower extremities. Information obtained 
Uni'verlity'of Hong Kong, should provide insights and guidelines regarding INJURY RATE 
Hong Kong SAR; the design and implementat ion of prevention To avoid confusion in comparing the results 
delwong@alumni.cuhk.net, and rehabil i tat ion programmes such as proprio- among different studies, throughout this paper 
ewong sma wn.com ceptive t r a i n i n g , e d u c a t i o n and supervision of the definitions of injury rale and injury percen-
Accepted 6 February 2005 coaches and players," and treatment avoiding lage are separated. Injury rale is defined as ihe 
re injury ." Throughout ihis paper, the lower number of injuries per 1000 hours of player 
www.bjsportmed.com 
125 W o n g , H o n g 
Table 1 Information on the 37 articles selected for this review paper 
Year Study PopoloHon Sample size Sex Period of study (months) Location 
1978 AAcMaster" Professional 15 M 12 USA 
1978 Nilsson" Adolescent 25000 F&M 2987 competitions International 
1980 Sullivan" Child & adolescent 1272 F&M 12 USA 
1981 Pritehett" Adolescent 10634 - 24 USA 
1983 Ekstrand" Senior 180 M 12 Sweden 
1985 Sandelin" From adolescent to adult 2072 F&M 12 Finland 
1985 Schmid 卜 Olsen" Adolescent 6600 F&M 1 International 
1986 Hoff" Adolescent - F&M - USA 
1989 Nielsen" From adolescent to adult 123 M 11 Denmark 
1990 Ekstrand" Professional 639 M 12 Sweden 
1990 Hunt" From adolescent to adult - F&M 12 UK 
1990 Yde" Adolescent 152 M 10 Denmark 
1991 Engstrom" Professional 41 F 12 Sweden 
1993 Kibler" Adolescent - F&M 48 -
1993 NCAA' Adolescent - F&M 12 USA 
1994 NCAA' Adolescent - F&M 12 USA 
1996 Arnason" Professional 84 M 5 Iceland 
1996 Inklaar" From adolescent to adult 477 M 5 Netherlands 
1996 Lulhje" Professional 263 M 10 Finland 
1997 N C A A " Adolescent - F&M 12 USA 
1998 Hawkins" Professional - M 36 UK 
1999 Hawkins' Professional & adolescent - M 29 UK 
1999 Yund" Child 1082 F&M 4 -
2000 Junge" Adolescent 311 M 12 Czech Republic & Alsace 
2000 Peterson" From adolescent to adult 264 M 12 Czech Republic 
2001 Howkin* Professional 2376 M 22 UK 
2001 Morgan” Professional 237 M 10 USA 
2001 Sodorman" Adolescent 153 F 7 Sweden 
2001 Steven" Adolescent 89500 F&M 120 USA 
2002 Kirkendair Adolescent 11500 F&M 36 USA 
2002 Rahnama" Professional - M 10 competitions UK 
2003 G i za " Professional - M 180 competitions International 
2003 Kakavelakis" Adolescent 287 M 10 Greece 
2004 Junge" Adolescent 145 M 6 New Zealand 
2004 Jungo" Professional & odolescent - F&M 398 competitions International 
2004 Junge" Professional - M 64 competitions International 
2004 Yoon" Professional & odolescent 411 M 50 competitions Asia 
F, Fomalo; M, male; NCAA, National Collegiate Athletic Association. 
activity time, or number of injuries per 1000 athlete- places on a team. This results in more exertion by the players, 
exposures. Athlete-exposure is one athlete participating in which may lead to more injuries. However, there seems lo be 
one compet i t ion or one training session where he/she is no difference between adolescent and professional players 
exposed lo ilic possibility of being injured, no mailer whai during training (tabic 3). 
a m o u n t of l ime is involved. For example, two competitions For the seven studies that included male and female 
involving 40 participants and three training sessions invol- players, we can sec a sex dilTcrcncc in injury rate. Injury rate 
viny 50 pai l ic ipants would result in a total of 230 athlete- was higher in female players lhan male players, overall and 
exposures. during training (fig 3). One reason may be that I'cmalc 
01 the 37 sclccled arliclcs, 15 were nol included in this players are less skilful; wi th less experience, they may not be 
section bccausc they did not provide sufficient information to able to control the ball as well and avoid injury provoking 
calculate an injury rate. Thcrcl'ore 22 articles were discussed activities such as tackling and sliding. Peterson et aP' reported 
ill this section. Only six of t hem reported injury rale based on that players with low skill levels had twicc as many injuries 
1000 athleie-cxposures , whereas 16 reported injury rate as those with higher skill levels (in lerms of 1000 hours 
based on 1000 hours of activity (tabic 3). Ten articles athlete exposure time). They also suggesied that more skilful 
provided an overall injury rale as well as that during players might allow them tor a reduction in the number oi. 
conipcli l ion and iraiiiing, three provided an injury rale injuries during competition. 
dur ing compet i t ion and iraining, and five provided an overall On the other hand, male players have higher injury rales 
injury rale only. lhan female players during competilion. One possible reason 
Most people believe that injury rate during competit ion is is thai male players are usually playing al higher competitive 
higher tlion that dur ing training. This is confirmed in fig 1, levds. The more competitive the match, ihe greater the speed 
which shows that injury rates dur ing conipeiition were oi. movement and more body contact, all of which increase 
always higher t h a n dur ing training, except in one study. This the chances of injury, 
may be bccausc the higher ihc speed of play, the higher the 
rate of injury. As the speed and intensity increases, players INJURY PERCENTAGE 
tend to have more body contact, such as sliding and tackling, Injuiy percentage is defined as the number oi. injured players 
which leads to more injury. divided by lolal number of players. Seven studies provided 
Figure 2 shows a compar ison of adolescent and profes- injury percentage (table 4). Professional players show a 
sional players f rom the results of 13 studies. During higher injuiy percentage lhan adolescent players, possibly for 
competi t ion, professional players generally have a higher the same reasons as mentioned in the last section. However, 
injury rnic t h a n adolescent players. The higher competitive injury percentage is less useful lhan injury rale, because the 
level of professional players usually means that the rewards number of competitions and training sessions varies con-
for winn ing are greater, and ihere is more competit ion lor siderably from one team lo another, or even from one year lo 
www.bjsporhTied.com 
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Table 2 Different definitions of injury and methods of data collection in the 34 selected studies 
Check by 
C Absence doctor & Check by Questionnaire/ 
Year Study Injury classification only C & T C o r T PT author form Video 
1978 Nilsson" - - - - / - : I 
1978 McMaster'' - - / - -
1980 Sullivan", - - / / -
1983 Ekstrand" Minor, moderate, major - / / / - - — 
1985 SchmidhOlsen" Slight, moderate, severe / - - / - - -
1986 Hoff*" - - / / - - / -
1989 Nielsen" - - / / / _ / -
1990 EkstrancT - - / / / - - 一 
1990 Yde" < 2 weeks, > 2 weeks, - / / 一 一 一 — 
> 4 weeks, > 6 weeks, 
>12 weeks 
1991 Engstrom" Minor, moderate, major - / / / / - -
1993 NCAA' - - / / - - - -
1993 Kibler” - / - - - - / -
1994 NCAA' - - / / - - - -
1996 Amcjsor/。 <1 week, 1-2 weeks, 2 - / / / - - -
4 weeks, > 4 weeks 
1996 Inklaar" - / - - / / / -
1996 Luthje*】 Minor, moderate, major - / - / - - 一 
1997 N C A A " - - / / _ - _ 一 
1998 Hawkins" Non-injury, minor, - - - - - - / 
moderate 
1999 Hawkins' Slight, minor, - / / / - / -
moderate, major 
1999 YuncT - _ / - / _ _ -
2000 Junge" Mild, moderate, severe - / / / - / -
2000 Peterson" Mild, moderate, severe - / / / - / -
2001 Soderman" Minor, moderate, major 一 - / - / / -
2001 Morgan穴 Minor, moderate, major - / / / - / -
2001 Steven'' - / - - / - / -
2001 Howkin" Slight, minor, - / / - - / -
moderate, major 
2002 KirkendalP' - / - / - - / -
2002 Rahnama** Minor, moderate, high / - - - - - / 
2003 Giza*' Trivial, slight, minor, / - / / - / / 
moderate, major 
2003 Kakavelakis^' Minor, moderate, major - / / / - / -
2004 Junge^ 0 day, 1 -7 days, - / / / - / -
8-21 days, >21 days 
2004 Junge" - / - - / - / -
2004 Junge*, - / - _ / _ / -
2004 Yoon" 0 day, 1 -3 days, 4 -7 days, / - / / - / -
8-30 days, >30 days 
C, Competition; T, training; PT, physiotherapist; NCAA, National Collegiate Athletic Association. 
another . In addit ion, not every player participalcs in every therefore severe injuries of ten occur during shooting. In 
t raining session and every competit ion, and the number of addition, injuries often happen during jumping and landing, 
pa r i i dpan i s 011 a icaiu may change considerably as the which are integral components of activities such as heading, 
season progresses/"* Therefore misleading conclusions can be shooting, and goalkccping. Causes of such injuries arc 
d rawn f rom injury pcrccnlagc. incorrect landing technique and collisions between players 
after lake off and before lauding. 
MECHANISM OF INJURY Previous studies also show thai non-body contact is a 
Five articles provided informat ion about mechanism of injury � i m a r y mechamsm of injury. Hawkins and Fuller? reported 
(table 5). The most c o m m o n injury mechanisms were ^ a t injuries caused by non-body contact (59%) were more 
tackling, running , being tackled, shooting, twisting and Prevalent than injuries caused by body contact (41%). In 
turning, and j u m p i n g and landing. Tackling is usually seen 二 山 m n m n g , shooting, turning and jumping caused 
in soccer matches w h e n players iry lo gel possession of the 39�/: ot a l injuries which were classitied as non-body 
ball. The lower extrcnulies are o f ten injured durh.g tackling c^^tac . Yde and Nielsei^' observed players under 18 years 
as players cannot respond quickly enough to avoid such rapid re ;肌 t ^ i ^hat 27% of all injuries were due to r u n m a g 
and unpredic table movement . During running and twisting 、，〔卜 is classified as non-body c o n l a a injury. Hawkins et al: 
ond turning, the m a i n causes of injury are inferior playing professional soccer clubs for two seasons and 
surfaces ami inappropr ia te footwear. Uneven playing surfaces f ^ n d l l广 Uk�Percentage of 腿 二 ) t a c 广 j u n c s (58%) 
may result in more loading on the ligaments and m u s c l e s . 蘭 l _ e r than l)()dy : act 零 n e s 丄 R u n m n g (19%) 
When external loading is greater t han the l igaments and t w i s n ’ ami turning (8%), shooting (4%), and landing (4%) 
m u s d c s can tolerate, injury usually follows. Incorrect loot- the most commonly occurring injury mcchanisms, ami 
vvenr which cannot provide sufficicnl frictional force will [丨记丫 classified as non-coniacl injury, 
eventually lead to slipping. On the other hand , too much 
Iriclional i'orcc will produce large torque when twisting and ANATOMICAL REGION OF INJURY 
turning, which may also lead to injury. Moreover, defenders In this review, the lower extremities were divided into the 
will o f ten use nny m e a n s to prevent opponents f rom scoring; following regions: hip, groin, upper leg, knee, lower leg, 
www.bjsporhnecl.com 
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Table 3 Injury rate data from 22 articles 
Injury rate based on 1000 hours of activity Injury rate based on 1000 athlete-exposures 
Yeor Study Population Overall CompeHrion Training Overall Competition Training 
1978 Nilsson" (M) Adolescent 23 - - - - -
1978 Nilsson^' (F) Adolescent 44 - 一 
1980 Sullivan'' (M) Child & adolescent 0.51 - - - - 一 
1980 Sullivan''' (F) CMd & adolescent 1.1 - - - -
1985 Schmid卜Olsen站（Ml Adolescent 16.1 - - - -
1985 Schmidt-Olsen站（F) Adolescent 29.9 - - -
1990 Ekslrand"' Professional 9.25* 17.96* 6.2' - 一 
1990 Yde" Adolescent 5.6 9.9 1.7 - -
1991 EngshW， Professional 12 24 7 - -
1993 NCAA' (M) Adolescent - - 8.8 23.1 5.1 
1993 NCAA' (F) Adolescent - 9.2 17.6 6.5 
1994 NCAA" (M) Adolescent - - - 7.6 1 8 7 4.6 
1994 NCAA' (F) Adolescent - 8.6 15.5 6.4 
1996 Arnason*" Professional 12.4 34.8 5.9 一 
1996 Luthje" Professional - 16.6 2.1 - - -
1999 Hawkins' Professionol & 8.5 27.7 3.5 -
adolescent 
2000 Junge" (Alsace) Adolescent 2.3 12.7 - - -
2000 Junge" (Czech) Adolescent 2.6 14.8 - - - -
2000 Peterson" From adolescent - 41.7 8.8 -
to adult 
2001 Soderman'^ Adolescent 6.8 - - -
2001 Morgan^ Professional 6.2 35.3 2.9 -
2001 Steven" (M) Adolescent 13.57 - - - - -
2001 Steven" (F) Adolescent 15.38 - _ _ 一 _ 
2002 Kirkcndall'' (M) Adolescent - - - 5.08 10.89 1.06 
2002 Kirkendair (F) Adolescent - - - 4.16 9.81 54 
2003 Kakavelakis'® Adolescent 4 5.6 3.3 -
2004 Jungo**' Adoloscent - 47.5 15.4 - -
2004 Junge" Professional - - 81 -
2004 Junge" (World Cup, Professional & - - - - 72.8 -
1998) adolescent 
2004 Junge', (U-20, 1999) Professional & - - - 108.7 -
adolescent 
2004 Jungo" (U-20, 2001) Professional & - - - 一 -
adolescent 
2004 Junge" (U-17, 1999) Professbnd & - - - - 51.0 -
adolescent 
2004 Junge" (U-17, 2001) Professkmd & - - - - 88.1 -
adolescent 
2004 Junge'" (Olympic-Men, Professional & - - - - 113,4 -
2000) adolescent 
2004 Junge*' (Confederations Professional & - - - 52.5 -
Cup, 1999) adolescent 
2004 Junge*' (Confederations Professional & - - - - 62.5 -
Cup, 2001) adolescent 
2004 Jungo" (Club World Professional & - - - - 95.7 -
Championship, 2000) adolescent 
2004 Junge*' (Worlci Cup Professional & - - - - 38.7 -
Women, 19991 adolescent 
2004 Junge*' (Olympic- Professional & - - - 64.6 -
Women, 2000) adolescent 
2004 Junge'' (Fulsal, 2000) Professional & - - - - 190.9 -
adolescent 
2004 Yoon" Professional & - - - - 45.8 -
adolescent 
For articles providing data for more than one group of subjects—for example, male and female —results are shown in separate rows. 
•Data in original articles were recalculated to suit the format. 
NCAA, National Collegiate Athletic Association 
ankle, and loot. From the 25 selected articles, knee, ankle, conclusions can be drawn for junior and senior foolball 
upper leg, groin, and hip were the most injured anatomical players, as there are limited publications, 
regions (lable 6). Twelve studies provided informat ion on There seems to be a ciilTcrcncc between male and Icinalc 
adolcscciii j)layers only. Of ihesc, 12 rcporied ihe ankle, ihrec players in the body parts most often injured, the former 
reported the knee, two reported the upper log, and two having more ankle injuries and the latter having more knee 
rcpDricd the loot os ihc mosi commonly injured body parls. A injuries. The results of the National Collegiate Athletic 
possible reason lor the vulnerability of the ankle to injury is Associalicu? show that the three most commonly injured 
its d o s e proximity to the ball, which is the focus of activity in body parts for male players were ankle (20%), upper leg 
this spori. Thcielorc the chances ol. ankle injury are highest (17%), and knee (15%). and those for female players were 
w h e n dribbling, shooting, and tackling. Five articles provided knee (24%), ankle (21%), and upper leg (16%). Lindenl'eld 
in format ion on professional players only, and three reporlcd and Schniitt' ' ' found that the most commonly injured body 
I he upper leg as ihc niosl injured body part. The reason for part of male and female indoor socccr players were the ankle 
the upper Icj; being ihc most injured pari for this group may (23%) and the knee (23%) respectively. Hawkins ct aP 
be ihc large muscle mass and ihc largo area exposed. No suggested lhal the knee is very susceptible to injury i'rom 
www.bjsportnned.com 
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6 0 � Figure 1 Comparison oF football 
- I 1 injury rates in competition and training. 
二 一 A ~ Competition Data from 13 articles. 
- ~ • ~ Training A 
/ 術 於 雄 裕 " 
large forces produced by kicking the ball. It also is the centre (tabic 7). Of these studies, 21 reported contusion, 10 reported 
of the lever a r m of the leg, so it is susceptible to greater forces sprain, and six reported strain as the most common injury 
being i r ansmi l t cd f rom the t runk through the hip, and f rom type, 
the ground th rough the foot and ankle. 
SEVERITY OF INJURY 
TYPE OF INJURY in ihis review, severity of injury was classified according to the 
In this review, injury types are divided into sprain, strain, number of days absent because of injury. However, others may 
contusion, tendini t is (and bursitis), and fracture. Other types use different classification systems. For example, Schmidt-
of injury are excluded. From the 22 selected articles, sprain, Olsen et aP* classify severity on the basis of the different 
strain, conius ion, and tendinit is (and bursitis) were ihe most irealineni used: minor first aid was classified as minor, 
c o m m o n types of injury sustained o n the soccer field medical care as moderate, and hospital t reatment as major. 
90 r Figure 2 Comparison of injury rates in 
： adolescent and professional football 
： ， picyers in competition. Data from 13 
80 7 A Adolescent T articles. 
- —•— Professional 
70 - / 
： / 
60 - / 
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• j Authors could not control factors that may contribute lo the 
Male (overall) injury, such as type of soccer shoe, intensity of warm up 
Female (overall) exercise, and condition of the playing surface. Therefore the 
F Male (competiHon) results from previous studies included all possible factors, 
L Female (compefifion) f which makes it difficult to analyse only one of the factors. 
叨 : _ Male (training) / Moreover, different definitions of injury make comparisons 
i • Female (traininq) / be tween studies difficult. Awareness of the differences in 
40 7 \ gj / these definitions is important w h e n interpreting the reported 
巻 ： \ / results. Some defined injury as one received during competi-
^ 30 - \ A / lion or training tha i prevented the injured player f rom 
I \ A / participating in competition or normal training for al least 
“ 2 0 ^ W \ / one day, not including the day of the in jury , ' " and another 
： \ \ / A \ A / defined injury as any condition tha t caused a player to be 
m : W ^ ^ / removed f rom a game, miss a game, or disabled enough lo 
厂 \ / g X come to the medical t en t . " 
° A { 《 { 々 > • 《 { 々 〜 SUGGESTIONS FOR FUTURE RESEARCH 
.P^ K O ^ ^ O ^ y ^ ^ ^ ^ ^ ^ ^ ^ ^^^ As ment ioned before, different definitions of injury and 
寺 分 ‘ ‘ different methods of data collection were used by different 
cj^^ authors. We would like to provide a standardised definition 
of soccer injury so that comparisons between studies will be 
Figure 3 Comparison of injury rates between male and Female foofball easier. We suggest that , m fu ture studies, a reportable soccer 
players. Data from seven articles. injury should be defined as such if it: 
(a) occurs in a scheduled competition or training session-
For those that used number of days absent to classify (b> requires medical a t tent ion or checking by a professional 
记verity, six classified injury into ininor moderate, and major ^uch as a doctor or physiotherapist; 
( tabic 8). Two of t h e m " “ classified minor as absent for less , � , . , u • 
t h a n one week (0-6 days), modera te as absent for more than � results in the player being restricted f rom normal 
o n e week bu t less t h a n one m o n t h (8-29 days), and major as parlicipalion for one or more days, 
absent for more than one m o n t h ( > 3 0 days). This system xhis definition also enables comparison wi th other sporvs 
obviously lias gaps be tween classifications where confusion it is recommended by other sports such as American 
may arise w h e n absence is for one week and one mon th . football- and 22 sports organised by the National Collegiate 
Moreover, o n e ' did not mckuic mjury w i t h m the same day Athletic Associat ion.- In addition, informat ion about the 
(0 day), one" did not include injury less than two days (0 - injury should be documented and marked clearly, stating if it 
1 day) , a n d o n e " did not include injury less than one week new or a recurrence of a previous injury, and if it is f rom 
(0 -6 days) . Fur thermore , t w o " had overlapping periods in socccr or another sport or is a non-sport injury This will 
the classification. Four articles fur ther divided the minor allow researchers to investigate the difference between soccer 
group into slight (one to three days absence) and minor (four injuries and non-soccer injuries, and also allow analysis of 
to seven days absence) . One even had a tnvuil group and data on new and recurring injuries. , 
one had a "severity 0" group for injuiy without absence. The Moreover, injury rate per 1000 hours of activity time or 
last four a r t i c les - - " ‘，in table 8 classified minor as less athlete-exposures is preferred, as injury percentage may 
t h a n one week (0 -6 days), modera te as one week lo one provide misleading informalion. Injuries o c a m i n g during 
m o n i h � 7 - 3 0 days), and major as more than one m o n t h competition and training should be recorded separately in 
( > 3 0 days) . This system provides excellent classification of order to investigate the difference between these two types of 
in jury severity. participation. However, combining them into a single overall 
Most soccer injuries lend lo be minor, 11 studies showing ,a ie is also reasonable if the purpose of study is not lo 
tha i mos t players had minor (including trivial and slight) investigate these dilierences. Furthermore, we suggest 
injury, a n d three s tudies showed that most players had classifying injury severity according to the number of days 
modera t e injuries. No diflerences can be observed between absent because of injury: minor (0-6 days), moderate (7 -
adolescent , p ro fess iona l and senior players. 30 days), and major ( > 3 0 days). 
L IM ITAT IONS OF PREVIOUS STUDIES CONCLUSIONS 
The da ta collcctcd by previous studies were by observation Previous studies of soccer injuries defined injury differently, 
dur ing c o m p e t i t i o n , " " or competi t ion and training. ' " " In addition, some studies counted injuries occurring in 
Table 4 Injury percentage from seven articles 
Injury 
Year Study Population percentage 
1980 Sullivan" Child & adolescent 2.6 
1990 Yde" Adolescent 40.68* 
1996 Lufhje" Professional 64.64* 
2000 Jungo" (Alsoce) Adolescent 35.1 
2000 Junge" (Czech) Adolescent 50 
2000 Peterson" From adolescent to adult 81.82* 
2001 Soderman" Adolescent 36* 
2004 Junge*" Adolescent 30.7 
•Data in original articles were recalculated to suit the format. 
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Table 5 Mechanism of soccer injury taken from five articles 
, _, 細 叩 Twisting/ Jumping/ 
Year Study Tackling Running tackled Shooting turning landing 
1989 Nielsen'' ^ ^ - 6 ~ ： 
1990 Yde" 41 27 - 8 -
1996 Arnason" 27.27* 18.18* - 14.29* - -
1999 Hawkins' 14 19 23 10 8 T 
2001 Hawkins' 9 19 15 4 8 6* 
Values are percentages calculated from total (whole body) injury data. 
•Data in original articles were recalculated to suit the format. 
Table 6 Anatomical region of injury from 25 articles 
Upper Lower 
Year Swdy PopulaHon Hip Groin leg Knee \eg Ankle Foot 
1978 NiUson" Adolescent - - - 14 13 16 13 
1980 Sullivan'^ Child & odolescent - - 一 1176* - 41.18* -
1983 Ekstrand" Senior - 飞 3 14 20 12 17 12 
1985 SchmidHDisen" (M) Adolescent - - 15.72* 10.92* 12.23^ 12.66- 26.64. 
1985 Schmidrdsen" (F) Adolescent 一 - 12.82* 8.55* 5.98* 22.22* 30.77* 
1985 Sandelin" From adolescent 8.64* - - 22.20* 6.13* 19.88* 7.05* 
to adult 
1989 Nielsen’， From adolescent - - - 18.35* - 35.80* 8 26* 
to adult 
1990 Yde" Adolescent - - - 19 - 27 19 
1991 Engsh-om^' Professional - 6 15 23 9 26 9 
1993 NCAAMMI Adolescent - - 17 15 - 20 -
1993 NCAA' (F) Adolescent - 16 24 21 -
1993 Kibler，， Adolescent - - 21 15.8 - 13 12 8 
1994 NCAA' (M) Adolescent - - 16 12 - 22 -
1994 NCAA" (F) Adolescent - 一 19 16 - 15 -
1996 Lurtije"' Professional 2 - 22 19 8 17 8 
1999 Hawkins' Professional & 3 11 23 14 13 17 6 
adolescent 
2000 Junge" (Alsace) Adolescent - 5.3 14 24.6 7 29.8 -
2000 Jungc" (Czech) Adolescent - 7.7 16.9 20.8 5.4 20.8 -
2000 Peterson" From adolescent - 7,3 14.5 17.7 9.5 20.4 10 
to adult 
2001 Soderman'' Adolescent 1.27* 5.06* 18.98* 18.98* 〗2.66* 22.78* 8 86* 
2001 Sloven" (M) AdolescenI - - 13.55* 15.51* 9.63* 17.91* 8’73* 
2001 Steven，、fF) Adolescent - - 7.80* 19.94* 7.65* 22.66* 6.33* 
2001 Morgan” Professional - - - 21 - 18 
2001 Hawkins" Professional 2 10 23 17 12 17 5 
2002 Kirkendair (M) Adolescent - - - 15.3 9.3 22 6.2 
2002 K i r kencbr (F) AdolescenI - - - 16.3 6.95 29 3.8 
2003 Kokovalakis^ Adolescent “ 9 36 6 29 
2004 Junge 幼 Adolescent 3.2 6.1 17 15 16.1 17.2 5.8 
2004 Junge*' Professional 1.17* 5.26* 17.54* 12.87* 16.96* 14.62* 8.19* 
2004 Junge*' (World Cup, Profewionol & - - 20 23 6 13 -
1998) adolescent 
2004 Jungo*' (U-20, 1999) Professionol & - - 22 10 18 15 -
adolescent 
2004 Jungo*' (U-20, 2001) Professional & - - 13 12 11 23 -
adolescent 
2004 Junge*' (U-17, 1999) Professional & - - 19 9 21 15 -
adolescent 
2004 Junge^' (U-17, 2001) Professional & - - 12 8.6 20 16 -
adolescent 
2004 Junge*' (Olympic-Men, Professionol & - - 14 10 23 12 -
20001 adolescent 
2004 Junge*' (Confederations Professional & - _ 8 17 - -
Cup, 1999) adolescent 
2004 Junge*' (Confederations Professionals - - 12 15 15 21 -
Cup, 2001) adolescent 
2004 Jung'^e (Oub WoHd Professional & - - 17 10 13 17 -
Championship, 2000) odolescent 
2004 Jung^'e (World Cup Professionol & - - 8 8 25 17 
Women, 1999) adolescent 
2004 Jung*、(Olympic-Women, Professional & - - 22 - 9 22 -
20001 adolescent 
2004 Junge*' (Fuhal, 2000) Professionol & - - 19 12 17 12 -
odolescent 
2004 Yoon幻 Professional & 3.6 1.2 16.7 27.4 13.1 14,3 7.1 
adolescent 
Values are percentages calculated from total (whole body) injury data‘ For articles providing data for more than one group of subjects—for example, male and 
female—results are shown in separate rows. 
•Data in originol articles were recalculated to suit the format. 
NCAA. National Collegiate AAleHc Association. 
www.bjsporhnecl.com 
480 Wong, Hong 
Table 7 Types of injury from 22 articles 
Tendinitis / 
Year Study Population Sprain Strain Contusion bursitis Fracture 
1978 Nilsso** Adolescent - - 36 - 3 . 5 
1980 Sullivan'' Child & adolescent 35.29* 8.82* 38.24* -
1981 Pritchett'' Adolescent - - 30.7 - i s 8 
1983 Ekstrand" Senior 29 18 20 23 4 ‘ 
1985 Schmidt-Olsen" (M) Adolescent 14.41* 10,48* 33.6* - -
1985 SchmidbOlsen" (F) Adolescent 20.51* 8.55* 31.62* - -
1985 Sandelin" From adolescent - - 34 - 7 
to adult 
1986 Hof f " Adolescent 34.78* 23.91* 17.39* - 2.17* 
1989 Nielsen" From adolescent 54.35* 21.74* 8.70" 10.87* 4.35* 
to adult 
1991 Engstrom'' Professional 33 10 15 24 1 
1993 NCAA' (M) Adolescent 26 26 21 - -
1993 NCAA' (F) Adolescent 29 27 11 - -
1993 Kibler，' Adolescent 21.8 24.5 32 - 9 
1994 NCAA』(Ml Adolescent 27 25 20 - -
1994 NCAA' (F) Adolescent 23 30 17 - -
1996 Arnason*® Professional 35* 45* 20 - -
1999 Howkinj ' Professional & 2 41 20 - 4 
adolescenr 
2000 Peterson" From adolescent 53.97* 33.03* 4.15* - 3.07* 
to adult 
2001 Soderman" Adolescent 24.05* 18.99* 8.86* 2.53* 1.27* 
2001 Hawkins' Professional 19 37 7 5" 4 
2003 Kakavelakis" Adolescent 33 23 21 7 8 
2004 Junge"® Adolescent 20.3 31.8 28.4 3.5 1.2 
2004 Junge" Professional 14.04* 14.62* 49.12* 2.92* 1.75* 
2004 Junge*' (World Cup, 1998) Professional & 12 23 41 - 4 
adolescent 
2004 Junge*' (U-20, 1999) Professionol & 10 5 58 - 1 
odolescent 
2004 Junge*' (U-20,2001) Professional & 5 8 65 - 1.5 
adolescent 
2004 Junge*' (U-17, 1999) Professional & 10 8 76 - -
adolescent 
2CX)4 Junge*' (U-17, 2001) Professional & 13 4 63 - -
adolescent 
2004 Junge*’ (Olympic-Men, 2000) Professional & 11 3 65 - 1 
adolescenf 
2004 Junge^' (Con(ederaHons Professional & 20 20 50 - 10 
Cup, 1999) adolescent 
2004 Junge*, (Confederarions Professional & 15 15 45 - 3 
Cup, 2001) adolescent 
2004 Junge*' (Club World Professional & 17 17 51 - 7 
Championship, 2000) adolescenr 
2004 Jung / , (World Cup Professional & 12 12 35 - 8 
Women, 1999) adolescent 
2004 Junge** (Olympic-Women, Professional & 25 25 44 - -
2000) adolescent 
2004 Junge'' (Futsal, 2000) Professional & 17 17 54 - 2 
adolescent 
2004 Yoon" Professional & 28.6 16.7 44 - 1.2 
adolescenf 
Values are percentages calculated from total (whole body) injury data. For articles providing data for more than one group of subjects-for example, male and 
female-results are shown in separate rows. 
•Data in original articles were recalculated to suit the format. 
NCAA, National Collegiate Athletic Association. 
compet i t ion, a n d some counted both competi t ion and adolescent players. However, no differences between profes-
i ra ining injuries. They used different classification systems sional and adolescent players were observed during training, 
to indicate severity of injury; some classified on the basis of Female players have a higher injury rate than male players, 
the medical t r ea tmen t used, and some on the n u m b e r of days both overall and during training. However, the reverse is true 
absent because of injury. Different me thods were used to during competition. Low skill levels and high competitive 
collect injury data , such as quest ionnaire , video records, levels both increase injury rate. 
doctor or physiolherapis l examinal ion , and au thor confirma- The most common injury mechanisms were found to be 
t ion. These ciiffcrcnccs have to be accounted for w h e n tackling, running, being tackled, shooting, twisting and 
compar ing di f ferent studies. turning, and jumping and landing. Injuries caused by non-
Injury rale is preferred ra ther t h a n injury percentage, as body contact were more prevalent t han those caused by body 
injury percentage may provide misleading information. contact. Knee, ankle, upper leg, groin, and hip were the most 
Injury rate (in t e rms of 1000 hours of activity or 1000 injured anatomical regions. The knee was the most injured 
a th le te-exposures) dur ing compet i t ion is higher t han during region in adolescent players, whereas the upper leg was the 
t raining. During competi t ion, professional players generally most injured region in professional players. Male players 
have a higher injury rale (and injury percentage) than have more ankle injuries, and female players have more knee 
w v w . b j s p o r t m e d . c o m 
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Toble 8 Severity of injury in 13 articles 
Severity clossificarion 
Trivial Slight Minor Moderate Major 
Yeor Author PopuloHon (0) (1-3) (4-7) (7-30) (>30) 
^ ^ G i z a " Professional 49.97% ‘ 42.42%' 3.03%' 3.03%* 4.55%* 
— i 2 3 4 5 
101 (1-3) (4-71 (8-30) (>301 
2 0 0 4 Y o o n " Professional & adolescent 67.7% 22.7% ^ ^ ^ 
Slighr Minor Moderate Major 
(1-3) (4-6) (7-30) (>30) 
1 9 9 9 ~ H a w k i n s ' Professionol & adolescent ^ H i 
Slight Minor Moderate Major 
(2-3) (4-7) (7-301 (>30) 
2001 Howkins' Professional ？0% m 23% 
Slight Minor Moderate Major 
101 (1-7) (8-21) (>21) 
2004 Junge" Adolescent 69.3% 19.9% 
Mild Moderate Severe 
(7-13) (14-30) {>30) 
2000 Jungo" (Alsace) Adolescent 40.4% 31.6% 28.1% 
2000 Junge" (Czech) Adolescent 40% 35.4% 24.6% 
Mild Moderate Severe 
(0-7) (8-29) (^30) 
2000 Peterson" From odolescenl fo adult 52.15%* 32.44%* 15.41%* 
Minor Moderate Major 
(0-6) (8-29 丨 （>301 
1983 Eksfrand" Senior 62% 27% 11% 
2001 Morgan" Profossional 60% 26% 14% 
Minor Moderate Major 
(OhS) (7-30) (>30) 
1991 Engstrom" Professional 49% 36% 15% 
1996 Lumje" Professional 50% 36% 14% 
2001 Soderman'* Adolescent 34% 52% 14% 
2003 Kakavelakis" Adolescent 30% 38% 32% 
Severity was classified according fo the number of days absent because of injury (shown in parentheses). Percentage was calculated from total (whole body) injury 
data. 
•Data in original articles were recolculafod to suit rfw format. 
injuries. M o s t socccr injuries were contus ion , fo l lowed by Authors ' aff i l iat ions 
sprain and t h e n strain. Injuries tend to be minor, and no P Wong, Y Hong, Human Movement Laboratory, Department of Sports 
d i f ferences in severity b e t w e e n adolescenl , professional, and Science and Physical Education, The Chinese University of Hong Kong, 
s e n i o r p l a y e r s w e r e o b s e r v e d . It is r e c o m m e n d e d t h a t Hong Kong SAR 
prevent ion and rehabil i tat ion programmes should be tailor Competing interests: none declared 
m a d e a n d i m p l e m e n t e d o n t h e bas i s of t h e s e resu l t s . 
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a t t e n t i o n o r c h o c k i n g by a p r o f e s s i o n a l s u c h as a doc to r or 2 Football Worldwide 2000: official FIFA survey. FIFA, 2002. http:// 
p h y s i o t h e r a p i s t ; a n d (c) r e s u l t i n g i n t h e p layer b e i n g images.fifa.com/big.count/BigCounLPlayers^df. 
r e s t r i c t ed f r o m n o r m a l p a r t i c i p a t i o n for o n e or m o r e days . ！ ^ ； i f t f n r ^ A t p a t i J I ? ； ； ^ ^ ^ 
I n f o r m a t i o n a b o u t t h e i n j u r y s h o u l d be d o c u m e n t e d a n d 1994:8. 
m a r k e d d e a r l y s t a t i n g if it is n e w or a r c c u r r c n c c of a 5 Elias SR. lO-year trend in USA Cup soccer injuries: 1988-1997. Med Sci 
previous injury, and w h e t h e r it is from soccer or another , ^ ^ ^ • . r . r , , 
‘ . • ‘ ‘ . . , . . 6 Hawkins RD, Fuller CW. An examinahon ot the frequency and seventy of 
s p o r t , o r IS a n o n - s p o r l i n j u r y . I n j u r y r a l e pe r 1000 h o u r s of injuries and incidents at three levels of profe«ionoll>otbdl. Br J Sports Med 
activity t i m e or 1000 ath le te -exposures is preferred. Injuries 1998;32:326-32. 
occurring during compet i t i on and training should be ， A p[o們djve 二pi—miologica丄st抄 of injj^ ries 人n 
, , . , l u . . u J f f u , bur English professional football clubs. Br J Sports Med 1999;33:196-203. 
r e c o r d e d s e p a r a t e l y so t h a t t h e d i f f e r e n c e s b e t w e e n t h e s e g Hawki« RD Hulse MA, Wilkinson C, et d. The association football medical 
IWO types of p a r l i c i p a l i o n c a n b e i nves t i ga t ed . Severi ty research programme: an audit of injuries in professional football. Br J Sports 
s h o u l d b e c l a s s i f i ed a c c o r d i n g to t h e n u m b e r of days a b s e n t -35:43-7. , 
b e c a u s e of i n j u r y : m i n o r ( 0 - 6 d a y s ) ; m o d e r a t e ( 7 - 3 0 days ) ; ‘ & � _ � „ 
a n d m a j o r ( > 3 0 d a y s ) . 2001;15:34-43. 
www.bjsportnned.com 
4 8 2 Wong, Hong 
10 SchmidhOlsen S, Bunemann LKH, Lade V, et al. Soccer injuries of youth. 41 Engstrom B, Johansson C, Tornkvist H. Soccer injuries among elite female 
Br J Sports Aiec^ 1985;19:161-4. players. Am J Sports Med 1991;19:372-5. 
‘1 Yde J, Nielsen AB. Sports injuries in adolescents' ball games: soccer, handball 42 Hofr GL, Martin TA. Outdoor and indoor soccer: injuries among youth 
ond basketball. Br J Sports Med 1990;24:51-4. players. Am J Sports Med 1986;14:231-3. 
12 Rahnama N, Reilly T, Lees A. Injury risk associated with playing actions during 4 3 Luthje P, Nurmi 1, Kataja M, et ol. Epidemiology and traumatology of injuries 
competitive soccer. Br J Sports Med 2002;36:354-9. in elite soccer: a prospective study in Finland. Scand J Med Sci Sports 
13 Weightman DL, Brown© RC. Injuries in eleven selected sports. J Sports Med ] 996;6:180-5. 
1 冗136-41. 44 Caroffa k, Cerulli G, Projefti M, et al. Prevention of anterior cruciate ligament 
14 Sullivan JA, Gross RH, Grana WA, ef a/. Evaluation of injuries in youth injuries in soccer. A prospective controlled study of proprioceptive ！raining. 
1 ^ J S产s Med 1980;8:325-7. Knee Surg Sports Traumafol Arfhrosc 1996;4:19-21. 
‘ J Epidemiology and traumatology of injuries in soccer. 4 5 j^nge A, Rosch D, Peterson L, etai Prevention of soccer injuries: a prospective 
16 ^ h f f f i t l X S Z ^ ^ Z ^ r i n — 払 如 J s p o r . M d 一 卿 丨 eur p — . An, J Med 
17 i L ' ^ u ' 11 p.. . , , , , . . . 46 Dvorak J, Junge A, Chomiak J, et al. Risk fackjr analysis for injuries in football 
17 Murphy DF ^ n n o l l y DA, ^ n n o n BD 二 for extremity in|ury: players. PossiEilities for a prevention program. Am J Sports Med 
【二 rfC 二 5 i JS^ ' 47 McMaster WC, Walter M. Injuries in soccer. Am J Sports Med 1978;6:354-7. 
19 Tucker A / ^ o m m o n ^ c e r injuries: Diagnosis, treatment and r e h a b i l i t a t i o n . 仙 ^ R^as A. Soccer injuries in adolescents. Am J Sports Med 
S p o r t s 1 9 9 7 , 2 3 : 2 1 - 3 2 . 扣】?〈 ; i i � ； ^ u t l . j i c 
20 Inldoar H Soccer injuries. II. Aetiology and prevention. Sports Med 办 J ' J ^ P P H. The mcdence of ankle sprains in soccer. Foot Ankle 
1994;18:81-93. 1990;11:41-4. 
21 Fried T, Uoyd GJ. An overview of common soccer injuries: management and 50 Enastrom B Forssblad M, Johansson C et d Does a major knee inju^ 
prevention. Sports Med 1992;14:269-75. dehnitely sideline an elite soccer player? Am J bports Med 1990;18:101-5. 
22 Engstrom B, Renstrom PA. How can injuries be prevented in the World Cup 51 Kibler WB. Injuries in adolescent and preadolescent soccer players. Med Sci 
soccer athlete? Cin Sports Med 1998;17:755-68. Sports Exerc 1993;25:1330-2. 
23 Olsen L, Scanlan A, MocKoy M, el ol. Strategies For prevenHon of soccer 52 Inklaar H, Bol E, Schmikli SL, et al. Injuries in male soccer players: team risk 
related injuries: a systematic review. Br J Sports Med 2004;38:89-94. analysis. In! J Sports Med 1996,-17:229-34. 
24 Inklaar H. Soccer iniuires. I. Incidence and severily. Sports Med 53 Women's soccer injury rates increase in fall 1996 survey. The NCAA News 
1994;18:55-73. 1997. 
25 Tysvaer AT. Head and neck injuries in soccer. Impact of minor trauma. Sports 54 Hawkins RD, Fuller CW, An examination of the frequency and severity of 
Med 1992,14:200-13. injuries and incidents at three levels of professional football. Br J Sports Med 
26 Soderman K, Adolphson J, Lorentzon R, et ol. Injuries in adolescent female 1998;32:326-32. 
players in European football: a prospoctivo study over one outdoor soccer 55 Junge A, Chomiak J, Dvorak J. Incidence of football injuries in youth players: 
season. Scand J Med Sci Sports 2001 ；11:299-304. comparison of players from two European regions. Am J Sports Med 
27 Jones SJ, Lyons RA, Sibert J, et al. Changes in sports injuries to children 2000;28(suppl 51:547-50. 
f t w e e n 1983 and 1998: comparison ofcose series. J Public Health Med 56 Peterson L, Junge A, Chomiak J, et al. Incidence of football injuries and 
„ „ 2001;23:268-71 , _ . , , complaints in different age groups and skill-level groups. Am J Sporti Med 
28 Kokovelakis KN, Vlazokis S, Vlahakis I, ef al. Soccer injuries in childhood. 2000-28(suppl 5) S51-7 
Scond J ^ec/ So Sport 2 ^3 ,13 :175 -8 . 57 Kirkendall DT, Marchak PM, Garrrett WE. A prospective 3-yeQr injury 
2 9 M o r g a n B E , Ober landor M A . ^ examinat ion J"!"；'"'n ma|or league incidence in youth soccer. Med Sci Sports Exerc 2002;34(suppl) :S101 • 
. . r - T ' . l f T ^ P 2001;29:426-30. 58 Rahnama N, Reilly T, Lees A. Injury risk associated with playing actions during 
30 K j \ o m j o m ^ S . ^t t , -Po,ka I, efo/. Acute m,unes m soccer, ,ce hock^ competitive occeT. Br J Sports Med 2 0 0 2 ; 3 6 : 3 5 4 - 9 .尸吟。 
； 热 ‘ I ‘ 。”_s 閲h咖I data. BMJ 59 Giza E, Fuller C, Junge A et al. Mechanisms of foot and ankle injuries in 
31 Steven RE. 10-year trend in USA cup soccer injuries: 1988-1997. Mod Sci . 
Sports Exerc 2001 33 359-67 60 Junge A, Cheung K, Edsvards T, et ol. Injuries in youth amateur soccer and 
32 E^t rand J, Gillqui^t J: Soccer injuries and their mechanisms: a prospective ；^“^匕^ p l i e r s : ~mparison of incidence and characteristics. Br J Spork Med 
study. Med Sci Sfx>rti Exerc 1983;18:267-70. 2004;38:168-72 , r l 
33 Elulrand J, Gillquist J, The ovoidobility of soccer injuries. Int J Sports Med Junge A, Dvorak J, Graf-Baumann T, et al. Football in|unes during FIFA 
1983;4:124-8. tournaments and the Olympic games, 1998-2001: development and 
34 Schmid^Olson S, Bunemann LK, Lade V, et ol. Soccer injuries of youth. implementation of an injury-reporting system. Am J Sports Med 
BrJ Sports Med 1985;19:161-4. 2004;32(suppl l):S80-9. 
35 Sandelin J, Santavirta S, Kiviluoto O. Acute soccer injuries in Finland in 1980. 62 Jungo A, Dvorak J, Graf-Baumann T. Football injuries during the World Cup 
Br J Sports Med 1985,19:30-3. 2002. Am J Sports Med 2004;32(suppl 1 ):S23-7. 
36 Hunt M, Fulford S. Amateur soccer: injuries in relation to field position. 63 Yoon YS, Choi M, Shin DW. Football injuries at Asian tournaments. 
Br J Sports Mod 1990;24:265. Am J Sports Med 2004;32(suppl 1 ):S36-42. 
37 H«nnrikus WL, Shaw BA, Gerardi JA, ef al. A re-evaluation of injuries in 64 McKeag DB, Hough DO. Primary care sports med. Madison, Wl: Brown & 
youth soccer. In: American Academy of Pediatrics 1998 Annual Meeting. San Benchmark, 1993. 
Francisco, 1998:785. 65 Lindenfeld TN, Schmitt DJ. Incidence of injury in indoor soccer. Am J Sports 
38 Yund C, BUckley D, Bianchi D, ef al. Longitudinal study of injury rates in 5 to Med 1994;22:364-71. 
12-year-old soccer players. Am J Epidemiol 20CX);151(suppl):S18. 66 Mueller F, Zemper ED, Peters A. American football. In: Caine DJ, Caine CG, 
39 Yund C, Wall E, Specker B. Injury characteristics in 5 fo 12 year old soccer Lindner KJ, eds. Epidemiology of sports injuries. Champaign, IL Human 
players. Med Sci Sports Exerc 1999;31(suppl):S261. Kinetics Publishers, 1996:41-62. 
40 Arnason A, Gudmundsson A, Dahl HA, ol al. Soccer injuries in Iceland. 67 National Collegiate Athletic Association. Injury surveillance system 
Scand J Med Sci Sports 1996;6:40-5. Washington: NCAA, 2002. 
www.bjsporhTied.com 





 • • ‘ ， . . ：
 •.••••. 
CUHK L i b r a r i e s 
_ _ _ _ 
0 0 4 2 8 0 5 5 5 
